Ihtarcia Ref. No. INT 004.10 
USSN 10/004,118 
PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In Re Application of: Stanford Mark Moran 


Confirmation No. 8022 


Serial No.: 10/004,118 


Art Unit: 1647 


Filing Date: 30 October 2001 


Examiner: Seharaseyon, J. 


Title: METHOD FOR TREATING DISEASES WH 


"H OMEGA INTERFERON 



DECLARATION UNDER 37 C.F.R. §1.132 



Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 
Sir: 

1 . I, Thomas R. Alessi hereby declare as follows: 

2. I received my Bachelors of Science Degree in Chemistry from Allegheny 
College in 1980, my Master of Science Degree in Organic Chemistry from the University of 
Rochester in 1 982, and my Doctorate of Philosophy Degree in Organic Chemistry from the 
University of Rochester in 1986. 

3. 1 am currently Vice President, Development and Manufacturing, at Intarcia 

Therapeutics, Inc., and have held this position since August of 2007. My previous positions 

at Intarcia Therapeutics, Inc. (formerly BioMediciries, Inc.), were Vice President, 

Development, from February 2002 ~ August 2007, and Executive Director^ Regulatory 

Affairs and Product Development from December 1997 - January 2002. 1 was previously 

employed by Schering-Plough Research Institute, Kenilworth, New Jersey as Senior 

Manager, U.S. Regulatory Affairs, from April 1992 - August 1993, and as Manager, U.S. 

Regulatory Affairs, from May 1990 - April 1992. During this time I worked on therapeutic 

applications of INTRON® A (Schering Corporation, Kenilworth, NJ) (interferon alfa-2b), 

including treatment of Hepatitis C Virus (HCV) infection using interferon alfa-2b. 

Additional details regarding my background and qualifications can be found in the 

accompanying copy qf my Curriculum Vitae (see Appendix A). 
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4. At the time the present application, USSN 10/004,1 1 8 and the provisional 
application (USSN 60/245,883) from which the present application claims the benefit of 
priority, were filed, I worked at Intarcia Therapeutics, Inc. (formerly BioMedicines, Inc.). I 
worked on therapeutic applications of omega interferon at that time and am continuing to 
work on development and product manufacturing related to omega interferon at present. 

5. I have reviewed pending U.S. Patent Application Serial No. 10/004,1 1 8 for 
"METHOD FOR TREATING DISEASES WITH OMEGA INTERFERON " by Stanford 
Mark Moran (hereinafter "the specification") including pending claims 87, 88, 90-96 and 98- 
1 14. I have also reviewed (1) the Office Action, mailed 28 May 2008; (2) Parker, et al., WO 
00/40273; (3) Goeddel, et al., US 5,1 20,832; (4) Theeuwes, et al., US 4,976,966; and (5) 
Guillen, et al., US 6,074,673, Therefore, I am familiar with the issues raised by the 
Examiner. The reference of Theeuwes, et al., does not teach any method for treatment of 
HCV nor does the reference contain any teaching regarding interferon, specifically omega 
interferon. The reference of Guillen, et al., does not teach any method for treatment of HCV 
nor does the reference contain any teaching regarding interferon, specifically omega 
interferon. Accordingly, I will not be discussing the references of Theeuwes, et al., or 
Guillen^ et al. 

6. I understand that pending claims 87, 88, 90-96, 98-1 07, and 1 14 are directed 
to methods of treating HCV infection in a subject in need of such treatment, comprising 
administering a therapeutically effective amount of omega interferon protein to the subject. 
Further, I understand that these HCV treatment method claims relate to the administration of 
omega interferon protein either (i) at a controlled rate over time where the therapeutically 
effective amount of omega interferon is an amount of omega interferon selected from the 
group consisting of between 48 and 194 micrograms per week, between 23 and 388 
micrograms per week, or between 23 and 623 micrograms per week, or (ii) by injection and 
the therapeutically effective.amount of omega interferon is an amount of omega interferon 
selected from the group consisting of between about 1 and about 210 micrograms per week 
and between about 22.5 and about 360 micrograms per week. The only independent claims 
are claims 87, 88 and 1 1 4. All other pending claims ultimately depend from one of these 
claims and thereby incorporate all of the limitations of the independent claims from which 
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they depend. 

7. In September of 2000, when the provisional application was filed from which 
the present specification claims the benefit of priority, a typical investigator working in the 
field of HCV treatment had a Ph.D. in the Biological or Chemical Sciences or an M.D., and 
two to five years of relevant experience post-degree. I will call such a person a "typical 
scientist." 

8. In the Office action, mailed 28 May 2008, the Examiner asserts an argument 
against the patentability of the present claims based on two assumptions: 

(i) that the reference of Parker, et ah, "teaches HCV infection can be treated by IFN- 
o) [omega interferon]" (see, e.g., Office action, mailed 28 May 2008, page 4); and 

(ii) that the reference of Goeddel, et al., "teaches IFN-© proteins with biological 
activities, such as antiviral activity, that are similar to the IFN-a that is also used to treat 
HCV" (see, e.g., Office action, mailed 28 May 2008, page 4). 

I will address these two arguments asserted by the Examiner in turn. 

9. First, I am familiar with the teachings of the reference of Parker, et al. The 
reference asserts to provide a method of treating a viral disease comprising administering.to a 
mammal a polynucleotide construct comprising a polynucleotide encoding omega interferon 
{see Abstract). Accordingly, this is a proposed gene therapy method. However^ the only data 
related to treatment of a viral disease using such constructs is an in vitro example for anti- 
viral activity against Murine Encephalomyocarditis Virus (EMCV) in human (A549) and 
murine (L929) cells. The reference asserts that a polynucleotide encoding omega interferon 
might be used to treat HCV; however, there is no evidence or enablement to support this 
assertion. EMCV is in the viral family Picornaviridae whereas HCV is in the viral family 
Flavivitidae. No scientific basis has been presented to validate an extrapolation of the 
teachings of the reference relative to in vitro inhibition of EMCV to in vivo treatment of 
HCV in subjects. 

Accordingly, even though the reference asserts an ability to treat HCV using a 
polynucleotide vector encoding omega interferon, the reference does not provide an enabling 
disclosure in this regard. 1 am not aware of any U.S. Food and Drug Administration (FDA) 
approved polynucleotide expression based treatment methods where the polynucleotide 
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encodes alpha interferon. Further, I am not aware of any on-going clinical trials with such 
treatment. Treatment of chronic HCV infection with pegylated alpha interferon protein plus 
ribavirin is the current standard of care. 

10. Further, protein expression levels from polynucleotide constructs used for 
gene therapy are notoriously unreliable. Even in the year 2005 (about six years after the 
filing date of the Parker, et al., reference), meeting notes from the American Society of Gene 
Therapy, "Challenges in Advancing the Field of Gene Therapy: A Critical Review of the 
Science, Medicine, and Regulation" (Appendix B) discussed the many barriers to effective 
gene therapy. For example, Katherine High (Children's Hospital of Philadelphia) noted that 
"secondary scientific problems have emerged, such as tissue-specific immune responses 
elicited against the vector and transgene and the heed for targeted delivery to specific organs 
or tissues" (see page I ). Successful use of gene vectors for delivery of therapeutic agents in 
humans has been troublesome and complicated (see pages 2-3). Further, there have been 
very few gene therapy successes. As noted by Alan Kinniburgh (National Hemophilia 
Foundation), there are "relatively few gene therapy successes that have 
been achieved" (see page 10). The meeting notes point out numerous, unaddressed 
difficulties relating to innate immunity and the paradoxes of viral pathogens and tissue injury 
in gene therapy (see pages 5-6). Safety is also a large concern and unanswered problem of 
gene therapy (see comments of Daniel Rosenblum (OCTGT/FDA), pages 14-15). Daniel 
Salomon (The Scripps Research Institute) noted the "persisting uncertainty regarding the 
selection of appropriate animal models requires resolution and more rigorous 
pharmacokinetic and pharmacodynamic analyses of gene transfer systems are needed" (see 
page 17). Conclusions from this meeting were generally that gene therapy is in very early 
stages and that "[identification and mechanistic understandings of the problems the field 
now faces in vectorology, insertional mutagenesis, and immunity are necessary first steps to 
designing strategies to successfully address these challenges" (see page 18; emphasis added). 

Accordingly, the Examiner's statement that 6t the polynucleotide of Parker would be 
expected to be expressed and translated into a therapeutically effective amount of IFN-o, and 
this dose of IFN-<o would be expected to fall within the claimed dose ranges" (see Office 
action, mailed 28 May 2008, page 5) is completely unsubstantiated by the reference of 
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Parker, et al. The Examiner has not provided any prior art supported evidence teaching 
predictable, sustained levels of protein expression in an animal subject using polynucleotide 
constructs. In fact, the Examiner's assertion of predictability appears to be contrary to the 
general state of the art of gene therapy as late as 2005, which is about six years after the 
publication of the reference of Parker, et al. 

1 1 . Second, I am familiar with the teachings of the reference of Goeddel, et al. In 
the Office action, mailed 28 May 2008, the Examiner asserts that the reference Reaches IFN- 
co proteins with biological activities, such as antiviral activity, that are similar to the IFN-a 
that is also used to treat HCV" (see, e.g., Office action, mailed 28 May 2008, page 4). The 
reference characterizes the in vitro antiviral activity of omega interferon compared to alpha 
interferon against Vesicular Stomatitis Virus (VSV) (a Rhabdoviridae virus) and 
Encephalomyocarditis Virus (a Picornaviri dae virus) (see cols. 7-8 and 10) - not against 
HCV (a Flaviviridae virus). No in vivo data is presented. Extrapolating the teachings of the 
reference to assert that, because one interferon is an effective antiviral against a particular 
virus, the same will be true for other interferons is not reasonable and is not substantiated by 
what is known about various interferons. The Examiner is making the assumption that 
interferons are interchangeable in their pharmaceutical activities. This assertion is 
unsupported by the Examiner and is inconsistent with what is known regarding omega 
interferon. 

12. Omega interferon and alpha interferon have very different physical and in 
vitro properties, for example: the sequences have only 62% sequence identity — extrapolation 
of pharmaceutical activity based on this level of sequence homology is not reasonable. 
Alpha interferon and omega interferon have different solubilities and different stabilities in 
aqueous solutions. Omega interferon has been shown to be less effective in anti-cell 
proliferation assays relative to alpha interferon. Based on their physical and in vitro 
properties alone there no reason for a typical scientist to expect that they would perform the 
same in therapeutic applications. 

13. As noted by Viscomi (in "Structure- activity of type I Interferons, 5 ' Biotherapy 
10:59-86 (1997); Appendix C) omega interferon and alpha interferon can show distinct 
properties and significant variety in their biological actions: 
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the members of that family, IFNce species, IFNp and IFNw, due to local 
differences in the structure sometime show distinct properties . From the 
reported data it results that even minute changes or differences in the primary 
sequences could be responsible for a significant variety of biological actions , 
thus inducing to the hypothesis that Type I IFNs, rather than to be the result of 
a redundant replication during the evolution, play definite roles in the defense 
of living organisms to foreign agents. {See Abstract; emphasis added.) 

Further, the reference of Buckwold, et al., of which I am a co-author (Antiviral Res. 2007 
Feb;73(2):l 1 8-25.; Appendix D; already of record in the present application), points out 
several distinct differences between the antiviral activities of alpha, beta, gamma, and omega 
interferons, for example: omega interferon was more active than alpha interferon against 
Bovine Viral Diarrhea Virus (BVDV) and beta and gamma interferon were not effective 
against BVDV (see page 120, col. 1 ); Glycosylated omega interferon was slightly more 
potent than gamma interferon and more potent than alpha interferon against Yellow Fever 
Virus (see page 120, cols. 1-2), Regarding West Nile Virus, omega interferon was also more 
potent than alpha interferon (see page 12Q, col. 2)* 

Accordingly, the cited prior art contradicts the Examiner's assertion that a typical 
scientist would expect that, because one type of interferon demonstrated a particular 
therapeutic effect, all other interferons in the;same class would necessarily have the same 
effect. 

1 4. Yet another argument against omega interferon and alpha interferon having 
equivalent pharmaceutical activity is found in the teachings of the present specification, 
which discusses successful treatment of human patients with omega interferon who failed 
treatment using alpha interferon (see, e.g., Specification page 17, ^0058-0.059). Even if, for 
the sake, of argument, there would be some expectation of equivalence of function between 
alpha interferon and omega interferon, this result demonstrates that there is no predictable 
expectation of equivalence of function when alpha interferon is used in the treatment of HCV 
versus when omega interferon is used. 

15. Intarcia Therapeutics, Inc., has performed clinical trials in humans 
demonstrating the activity and tolerability of administration of omega interferon protein by 
injection and use of subcutaneous implants for the treatment of HCV. As noted above, the 
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present specification discusses successful treatment of human patients who failed treatment 
using alpha interferon, as well as those who were treatment naive (see, e.g., Specification 
page 17, ffi[0058-0059). Clinical trial data for treatment of HCV with injected omega 
interferon protein is also shown in the poster presented at the Digestive Disease Week, May 
21 2007 Meeting (Appendix E). The data demonstrated that treatment with omega interferon 
protein was well-tolerated by patients and demonstrated excellent anti-HCV activity. The 
poster also illustrates an ongoing clinical trial, sponsored by Intarcia Therapeutics, Inc., using 
ah implantable osmotic delivery system (DUROS®; ALZA Corporation, Mountain View, 
CA) to deliver omega; interferon protein continuously over extended time periods to patients 
who have failed the standard treatment of pegylated alpha interferon plus ribavirin. Current 
results from this clinical trial also demonstrate that treatment of these patients (i.e., patients 
whose HCV infection exhibit primary or secondary resistance to treatment with alpha 
interferon) with omega interferon protein is well-tolerated by patients and provides excellent 
anti-HCV activity. 

16. As noted above in the discussion of my employment history, I worked on 
therapeutic applications of 1NTRON® A (interferon alfa-2b), including treatment of HCV 
infection using interferon alfa-2b. Interferon alfa-2b was approved for treatment of HCV 
infection in 1991. The reference of Goeddel, et al., claims priority back to 1984, with related 
publications by the Japanese and European Patent Offices in 1986. Further, the sequence of 
omega interferon was published by Hauptmann, et al., in 1985 (Nucleic Acids Res. 13:4739- 
4749 (1985)). Thus omega interferon was known to the typical scientist as of the mid-1980s. 
I am not aware of any discussion in the scientific literature or published use of omega 
interferon, protein as a treatment for HCV infection, prior to the work performed atintarcia 
Therapeutics, Inc. (formerly BioMedicines, Inc.). 

17. In my opinion, in view of my remarks herein above and in the absence of any 
prior in vitro data and in particular in the absence of clinical data on the usefulness of the 
administration of omega interferon protein for the treatment of HCV, any assertion of the 
probable efficacy of such treatment based on the cited references is no more than wishful 
thinking. These references do not support a finding that a typical scientist at the time the 
invention was made would have assumed that administration of omega interferon protein 
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would be efficacious for the treatment of HCV based on the assertion of the Parker, et al., 
reference that a polynucleotide encoding omega interferon might be used to treat HCV. 
Further, the references cited by the Examiner do not support a finding that a typical scientist 
at the time the invention was made would assume that omega interferon protein would be 
expected to perform all the same functions as alpha interferon. These references do not 
support a finding that a typical scientist at the time the invention was made would be 
"motivated" to administer omega interferon protein for the treatment of HCV rather than the 
standard of treatment of alpha interferon protein. Finally, these references do not support a 
finding that a typical scientist at the time the invention was made would have recognized that 
the HCV treatment results obtained by the claimed methods were predictable. 

18. I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1 00 1 of Title 1 8 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 





Date 



Thomas R. Alessi, Ph.D. 
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Appendix A 

Curriculum Vitae 



9 
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Intarcia Therapeutics, Inc. 
24650 Industrial Boulevard 
Hayward, California 94545 
tel: (510) 782-7800 ext. 236 
fax: (510) 782-7801 



25679 Paul Court 
Hayward, California 94541 
home tel: (510)728-1485 
mobile: (510)305-2594 
e-mail: tom.alessi@intarcia.com 



Education 



Ph.D. Organic Chemistry 
M.S. Organic Chemistry 
B.S. Chemistry 



University of Rochester 
University of Rochester 
Allegheny College 



1982 - 1986 
1980 - 1982 
1976 - 1980 



Honors 



Phi Beta Kappa, 1979 

Sherman Clarke Fellow, 1980-1985 

Allegheny Merit Scholarship, 1976-1980 



Magna Cum Laude, Allegheny College, 1980 
American Institute of Chemists Award, 1980 
ACS Analytical Chemistry Award, 1979 



Intarcia Therapeutics, Inc., Emeryville, California 

Vice President, Development and Manufacturing - August 2007 - present 

Vice President, Development February 2002 - August 2007 

Executive Director, Regulatory Affairs and Product December 1997 - January 2002 

Development 

Responsibilities: • Senior management of groups responsible for GMP manufacturing 

of clinical drug supplies, product development, and regulatory 
affairs 

• partner management for company drug development programs 
with ALZA, Boehringer-Ingelheim, and Schering AG 

• vendor management of manufacturing sites, analytical laboratories, 
drug labeling, packaging, and distribution vendors, and preclinical 
vendors 

• oversight of GMP manufacturing of bulk drug substances and 
clinical drug supplies at contract manufacturers 

• program management through organization and direction of formal 
drug development teams 
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negotiation of contracts with vendors and investigators 
presentations to the board of directors, partners, and potential 
investors 

due diligence for in-licensing potential drug products 
review, approval, and development of preclinical protocols and 
reports 

liaison to FDA CDER Oncology Products Division & Antiviral 
Drugs 

direct, review, approval, and preparation of regulatory documents 

Ansan Pharmaceuticals, Inc., South San Francisco, California 

Senior Director, Regulatory Affairs, Quality Assurance, & August 1995 - November 1997 
Project Management 

Responsibilities: • regulatory strategy 

• liaison to FDA CDER Oncology, Gastrointestinal and Coagulation, 
and Dermal and Dental Drug Products Divisions 

• review, approval, and preparation of regulatory documents 

• review, approval, and development of clinical protocols, 
investigator's brochures, and case report forms 

• compliance with current good manufacturing practices (cGMPs) 

• quality assurance (QA) oversight of contract manufacturing 

• review, approval and development of chemistry, manufacturing, and 
controls (CMC) documents 

• management of five drug development programs and budgets 

• negotiation of agreements with third-party suppliers 

• review, approval, and development of preclinical protocols 

• presentations and correspondence to the board of directors and 
potential corporate partners 

• due diligence for in-licensing potential drug products 



Responsibilities: • 
(continued) 
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Glycomed Incorporated, Alameda, California 

Director, Regulatory Affairs and Quality Assurance October 1994 - June 1995 

Associate Director, Quality Assurance April 1994 - October 1994 

Associate Director, Regulatory Affairs September 1993 - April 1994 

Responsibilities: • regulatory strategy and liaison to FDA 

• review, approval, and directing preparation of regulatory documents 

• regulatory and Q A* guidance to research and development 

• QA interface with contract manufacturers and laboratories 

• compliance with cGMPs 

Schering-Plough Research Institute, Kenilworth, New Jersey 

Senior Manager, U.S. Regulatory Affairs April 1992 - August 1993 

Manager, U.S. Regulatory Affairs May 1990 - April 1992 

Responsibilities: • regulatory strategy for chemistry and manufacturing issues 

• liaison for INTRON A (interferon alfa-2b) to CBER Biological 
Response Modifiers Group for hepatitis C and hepatitis B programs 

• liaison to FDA CDER Pulmonary, Pilot Drug, and Anti-Infective 
Drug Products Divisions and Office of Generic Drugs 

• review, approval, and directing preparation of regulatory documents 

• regulatory guidance to research, development, and manufacturing 

• review and approval of clinical study protocols and study reports 

• review and approval of drug labeling, advertising, and promotion 

• training of regulatory affairs managers and assistants 

Wyeth-Ayerst Research, Princeton, New Jersey 

Research Scientist, Medicinal Chemistry July 1988 - May 1990 

Senior Scientist, Medicinal Chemistry March 1985 - July 1988 

Responsibilities: • rational design of insulin sensitivity enhancers and aldose reductase 

inhibitors 

• synthesis of novel biologically active molecules 

• chemistry representative to antihyperglycemic project team 

• screening, recruiting, and training of B.S./M.S. research chemists 
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ACCOMPLISHMENTS 

Development and Program Management 

• Directed joint Intarcia-ALZA partnership team for development of Omega DUROS 

• Successfully re-established GMP manufacturing of clinical drug supplies for three products 
in-licensed by Intarcia in support of new Phase lb, Phase 2, and Phase 3 clinical trials. 
Successfully directed technology transfer of manufacturing and analytical methods to new 
vendors. 

• Directed improved synthesis of bulk drug substance and successful switch to more stable 
polymorphic form of Biomed 101. 

• Designed and directed pharmacology studies that established proof-of-concept for new 
indication for Biomed 101 and supported filing of new and subsequently issued patent. 

• Established formal multidiscipline product development teams at Intarcia. 

• Coordinated drug development activities to bring three drug programs from preclinical to 
IND stage of development within a 12-month period at Ansan. 

• Developed, reviewed, and approved protocols . for pharmacology, toxicology, and 
genotoxicity studies needed to support IND filings. Negotiated agreements with vendors 
to conduct the studies. Reviewed, edited, and approved final study reports. 

• Managed preparation and review of study reports for the pivotal clinical trials to support 
approval of INTRON A for two new indications. Saved the company three to six months 
by beating FDA deadlines for Advisory Committee meeting. 

• Coordinated efforts of technical and medical reviewers, proof-readers, documentation 
group, and contract printers to achieve overnight turnaround of draft and final labeling to 
support approval of INTRON A for two new indications. 

• Reviewed and coordinated preparation of all labeling and supporting documentation for 
FDA approval of five new INTRON A packages. 

Regulatory Affairs 

• Negotiated FDA approval of INTRON A (Interferon alfa-2b, recombinant) for two new 
indications; Chronic Hepatitis C (Feb 1991) and Chronic Hepatitis B (July 1992). 

• Coordinated presentations for two successful FDA advisory committee meetings; each 
resulting in a unanimous recommendation for approval. 

• Negotiated approval for launch of new Vancenase Pockethaler Nasal Inhaler prior to FDA 
review of NDA supplement, saving the company approximately six months worth of sales. 

• Reviewed, edited, and co-authored five new INDs; reviewed and critiqued three other new 
INDs and two new NDAs. 
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Successfully negotiated with FDA to transfer and update INDs for two drugs in-licensed by 
Intarcia to new reviewing divisions for new indications. Saved cost and timing to create 
new INDs for these products. 

While at Ansan, held three successful pre-IND meetings with three different divisions of 
FDA within six months. Reviewed, edited, and co-authored briefing documents for FDA. 

Successfully obtained FDA feedback on issues concerning an investigational new drug 
without a pre-IND meeting, saving Glycomed one to three months. Coordinated 
preparation of what FDA called "one of the best pre-IND documents we've ever seen!" 

Reviewed and approved all labeling, advertising, and promotional materials in support of 
approval of INTRON A for two new indications. 

Provided regulatory support for approximately 25 active INDs and 65 approved NDA 
drug products. Responsible for review and assessment of regulatory impact of proposed 
manufacturing changes for all Schering products. 

Quality Assurance 

Schering representative during FDA clinical sponsor audit that resulted in no "483" issued. 

Established Quality Assurance function at Intarcia, Glycomed, and Ansan. 

Assessment of technical capabilities and GMP compliance of a new manufacturer enabled 
selection of that vendor by project team and resulted in a savings of about 6 months and 
$100,000. 

Facilitated preparation of three GMP "registration" batches by working closely with drug 
substance manufacturer to develop and review batch records and analytical procedures. 

Upon joining Ansan, disqualified a drug supplier based on a GMP audit and rejected 
existing clinical supplies. Successfully qualified a new supplier and coordinated the 
manufacturing, release and stability testing of new drug product for start of the trial. 
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Other Accomplishments 

Successfully designed and rewrote new "user-friendly" Package Insert (PI) for INTRON A 
that was approved by FDA. The PI, containing five different indications, was approved by 
five company project teams and multiple FDA reviewers and was praised by clinicians. 

Initiated project to review and collate CMC sections of NDAs for 65 approved products. 

Successfully lead efforts to evaluate and standardize software used by the company. 

Created database to track specifications and procedures and to provide clear audit trail for 
documentation. 

Created easy-to-use templates that control the format and style of regulatory, clinical, and 
preclinical documents. Templates facilitate preparation of the documents and standardize 
the content. 

Created flexible "user-friendly" database to collect, organize, and present information on 
drug product formulations and stability. Database enabled identification of possible 
solutions to formulation problems. 

Established and managed local area computer networks at Wyeth-Ayerst and at Ansan. 

Rational Drug Design 

Discovered series of novel antihyperglycemic agents. Through structural modifications, 
prepared compound that was 200 times more active than initial lead within eight months. 
New compound was selected for IND development. 
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Patents 
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Loss/' Patent Number 5,962,523, October 5, 1999. 
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4,897,405, January 30, 1990. 

Alessi, T.R.; Dolak, T.M. "Novel Benzyl-3H-l,2,3,5-oxathiadiazole 2-oxides Useful as 
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Agents," Patent Number 4,966,975, October 30, 1990. 

Bagli, J.; Ellingboe, J.W., Alessi, T.R. "Preparation of 2,4-Disubstituted-5-cyano-4- 
pyrimidinyloxyacetic acid Aldose Reductase Inhibitors," Patent Number 4,906,753, 
March 6, 1990. 
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pyrimidineacetic acid Aldose Reductase Inhibitors," Patent Number 4,900,829, February 
13,1990. 

Bagli, J.; Ellingboe, J.W., Alessi, T.R. "2,4-Disubstituted-5-cyano-l,6-dihydro-6-oxo-l- 
pyrimidineacetic acid Aldose Reductase Inhibitors," Patent Number 4,786,638, 
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Publications and Abstracts 

Buckwold, V.E., Wei, J., Huang, Z., Huang, C, Nalca, A., Wells, J., Russell, J. Collins, B., Ptak, 
R., Lang, W., Scribner, C, Blanchett, D., Alessi, T., Langecker, P. "Antiviral activity of 
CHO-SS cell-derived human omega interferon and other human interferons against 
HCV RNA replicons and related viruses." Antiviral Res. 2007, 73, 118. 

Buckwold, V.E., Wei, J., Huang, Z, Huang, C, Nalca, A., Wells, J., Russell, J., Lang, W., 
Scribner, C, Blanchett, D., Alessi, T., Langecker, P. "Antiviral activity of CHO-SS- 
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Kara A, Nyberg, Katherine A, High, and Daniel R. Salomon 

The 225 participants attending the 2005 American Society of Gene Therapy (ASGT) 
Stakeholders' Meeting held in Washington, D.C., on April 7 and 8 were greeted by warm 
weather, a city in full cherry-blossom bloom, and an enthusiastic organizing committee. The 
focus of this year's meeting centered on scientific, medical, and regulatory challenges in 
advancing the field of gene therapy, which drew members from academia, industry, government 
agencies, disease foundations, and the press. The ASGT jointly sponsored the meeting with the 
Center for Cellular and Molecular Therapeutics at the Children's Hospital of Philadelphia, with 
additional support from Genzyme, the Biologies Consulting Group, and Avigen. This article 
summarizes clinical gene transfer barriers faced by those in the field and possible strategies for 
circumvention as discussed in a series of presentations focusing on vectorology, immunology, 
vaccine design, and real stories. 



Introduction 

Katherine High (Children's Hospital of Philadelphia), co-chair of the conference along 
with Daniel Salomon (The Scripps Research Institute), began by emphasizing that the goal of the 
conference was to identify and discuss the challenges to advancing clinical gene transfer 
research. In sum, the field is currently progressing only slowly despite a significant medical need 
and is beset by a general but false perception that gene therapy has not been successful. She 
delineated several obstacles to progress that would be revisited many times throughout the 2-day 
forum. 

Although the principles behind gene transfer are sound, High noted that secondary 
scientific problems have emerged, such as tissue-specific immune responses elicited against the 
vector and transgene and the need for targeted delivery to specific organs or tissues. The 
changing climate for clinical investigation in U.S. multi -center trials also presents a major 
obstacle. For example, the multi-layer review process slows approvals, and institutional review 
boards (IRBs) from participating institutions, with individualized rules and regulations, further 
complicate and delay the review process. Notably, a small number of unexpected serious adverse 
events have caused increased federal and IRB scrutiny of trials, which further slows timelines, 
sucks up funding, contributes to an increased sense of risk, and forces many smaller biotech 
companies to drop out of the process entirely. Financial hurdles also present obstacles, since big 
pharmaceutical companies typically do not enter the clinical trials process and provide funding 
until phase 3 trials are underway. This leaves principal investigators (Pis), small biotech 
companies, and disease foundations to foot the bill for pre-clinical, phase 1, and phase 2 studies. 
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As early-phase clinical trials become more frequently based at academic medical centers, 
adjustments in staffing will be needed since clinical trial research is not easily divided into 
projects for post-doctoral researchers and fellows. In addition, the responsibility for pushing the 
clinical trial timeline forward falls solely on the shoulders of the PI backing the trial— an 
unsatisfactory arrangement since these individuals typically bear many other responsibilities and 
are often not prepared for or experienced with the rigorous formal conduct required for enabling 
a phase 2 clinical trial. At a minimum, this situation constitutes a serious disincentive for the 
participation of new investigators who will represent the next generation of gene therapy 
researchers. 

Trial momentum can degenerate into a jerky ride of starts and stops in the face of 
recurrent clinical holds. High noted, however, that as experiments with a given class of vectors 
proceed and knowledge is accrued, clinical studies are expected to progress more smoothly. 
Commercial obstacles include complications arising from intellectual property issues that limit 
information sharing prior to commercial development and industry pressure to develop therapies 
for large-market indications, even though these may not be the most straightforward choices 
from a scientific standpoint. Other hurdles High mentioned include the scalability, manufacture, 
and access to clinical-grade vector and public perceptions of the relative risks involved in 
participating in gene transfer studies. 

In conclusion, High compared the current problems confronted in advancing clinical gene 
transfer trials to those tackled not long ago by researchers studying monoclonal antibodies as a 
class of therapeutics. The therapeutic potential of this technology was appreciated, but years of 
clinical trial failure prevented its clinical application. Indeed, the considered wisdom at one 
point was that there was little or no potential in this area, and many large pharmaceutical 
companies walked away from millions of dollars in investments and intellectual property. Slowly 
but surely, however, problems were identified and solved, thereby eventually permitting the huge 
and growing clinical and commercial success today. It appears that the field of therapeutic gene 
transfer is at a similar crossroads today. 

Vectorology 

Arthur Nienhuis (St. Jude Children's Research Hospital) and Barrie Carter (Targeted 
Genetics Corporation) co-chaired the first session on vectorology barriers to gene transfer 
clinical trials, which included six presentations covering the range of gene transfer vectors 
currently used in experimental studies. David Williams (Cincinnati Children's Hospital Medical 
Center) began with a discussion of retroviral and lentiviral vectors employed in gene transfer 
studies of Fanconi's anemia (FA), a disease typically affecting children characterized by 
progressive bone marrow failure due to mutations in any of 1 1 different genes. Roughly 30% of 
patients with a human leukocyte antigen (HLA) matched sibling donor receive the standard FA 
therapy of bone marrow transplantation. For the remaining 70%, the next-best therapy— stem 
cell transplantation using unrelated donors— has a high associated morbidity and mortality. 
Consequently, corrective gene transfer using a retrovirus vector presents an attractive, alternative 
therapeutic option, especially given the efficacy demonstrated in the FA mouse model. Carrying 
this success over to humans, however, has been troublesome, as ex vivo manipulation of FA 
hematopoietic stem cells (HSC) is complicated by their genetic instability and low abundance at 
the time of critical disease progression. To ameliorate these difficulties, Williams says that he 
and his colleagues have been able to obtain a better source of HSC by collecting the cells before 
the onset of aplastic anemia, isolating more cells during collection, and optimizing 
cryopreservation and thawing procedures. In vitro cell culture has also been improved by 
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implementing shorter culture times and better cytokines, while gene transfer efficiency has been 
greatly enhanced by using a high-titer murine leukemia virus vector pseudotype with a Gibbon 
ape leukemia virus (GALV) envelope protein, which is administered in one to two exposures 
over 36 hours. Several FA genotype A children with no HLA-identical sibling donors are 
currently enrolled in a pilot trial employing a murine stem cell virus backbone. This study 
encountered no significant regulatory obstacles prior to trial initiation, although the investigators 
had to extensively evaluate patients for clonal hematopoiesis following the serious adverse 
events seen in the French X-linked severe combined immunodeficiency (X-SCID) trial. 

In light of the adverse events of the X-SCID trial, Cynthia Dunbar (National Heart, Lung, 
and Blood Institute, NIH) presented data from long-term non-human primate studies regarding 
whether integration toxicity in humans is cause for concern. She began by throwing out a 
question many wonder about: Is gene therapy with integrating vectors safe? Forty-six rhesus 
macaques receiving stem cells transduced with retroviral vectors have been studied for a median 
follow-up of 4.5 years — representative of 6,000 "insertion years" — and during this time no 
clinical or molecular evidence for progression to a pre-leukemic or a leukemic state has yet been 
observed. However, one 3-year-old macaque that received a retrovirally transduced stem cell 
transplant following total body irradiation in 1999 demonstrated an adverse event 5 years later. 
In 2000, this animal exhibited an unusual gene-marking pattern, with two dominant clones 
identified — one in chromosome 15 and the other in chromosome 19. In 2001, the animal 
received 1 dose of cytotoxic drug treatment. The animal demonstrated normal blood counts 
every 6 months until September 2004 when the animal's health rapidly deteriorated and it died. 
Necropsy analysis revealed myeloid sarcoma infiltration, and molecular evidence for elevated 
vector levels in the tumor was found. The retroviral vector inserted at the locus encoding BFL-1, 
an anti-apoptotic member of the BCL2 family that prolongs cell survival while allowing for 
proliferation and some differentiation. Hence, retrovirus integration at this locus possibly 
induced over-expression of BFL-1 in the kidney tissue, thereby precipitating tumor formation. 
Subsequent mapping of 702 insertions in the other treated monkeys revealed a significant over- 
representation (1.8%) of independent insertions at the MDS1-EVI1 locus in 9 different animals. 
The MDS1 (MyeloDysplasia Syndrome 1) and EVI1 (Ectopic Virus Integration 1) genes encode 
transcription factors implicated in human leukemias. Despite the propensity to integrate at this 
locus, no evidence of clonal expansion in 5 individual clones has yet been observed for periods 
up to 7 years. Dunbar concluded that these integration events do not represent integration at a 
"hot-spot." She also believes that lifelong follow-up is required for those treated with 
integrating, persisting vectors, and this analysis should be complemented by prolonged non- 
human primate and murine studies. 

Philip Gregory (Sangamo Biosciences) next turned the discussion toward gene correction 
as an alternative therapeutic modality. Instead of gene addition, gene correction provides site- 
specific, permanent modification of the genome using transient delivery of the corrective vector 
system and requires no need for ectopic gene insertion or a heterologous promoter. Zinc finger 
DNA binding protein nucleases (ZFNs) are genome editors that can be harnessed to promote 
gene correction, gene disruption, and site-specific integration. For example, designer nucleases 
combining zinc finger proteins and Fokl (a non-specific restriction endonuclease) have been 
created in which the ZFNs bind to a targeted DNA sequence and cleave the DNA to cause a 
double-strand break! Homologous recombination in human cells occurs in approximately 1 x 10 6 
cells; however, homology-directed repair of a double-strand break using a sister chromatid as a 
template is more than 1000-fold more efficient. The ZFN system can not only create a double- 
strand break at a site-specific location to induce the process of homology-directed repair, but 
donor plasmid DNA can also be transferred into the cells to further control the gene correction 
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process in the event that the intact sister chromatid is defective. Initial ZFN studies in cell 
culture and human T cells have provided encouraging results when correcting IL2R (Interleukin- 
2 Receptor) gene mutations related to X-SCID. But what obstacles might hinder clinical 
applications of this technology? First, Gregory explained that designing potent ZFNs is non- 
trivial when factoring in the specificity and architecture of the system. Second, the range of 
mutations or deletions that can be targeted is restricted since the efficiency of conversion 
becomes greatly diminished when the mutation and ZFN cleavage site are greater than 100 base 
pairs apart. Third, the current delivery approach is ex vivo, making either plasmid DNA or viral 
systems the best methods for ZFN delivery — both of which require additional research. 
Moreover, researchers have yet to demonstrate system safety and efficacy in appropriate model 
organisms. 

In turning to adeno-associated virus (AAV) vectors, Terence Flotte (University of 
Florida) stated that continuous identification and management of long-term gene transfer risks 
associated with recombinant AAV vectors is needed, specifically focusing on insertional 
mutagenesis, inadvertent germ-line transmission, and immune responses to capsids and transgene 
products. AAV vectors are typically used for long-duration gene transfer, and more than 1 10 
serotypes have been identified in humans and non-human primates since the virus lives 
symbiotically within primates. Flotte' s research is specifically focused on constructing a safe 
and effective AAV vector system to treat patients deficient for Alpha- 1 Antitrypsin (AAT), a 
cause of genetic emphysema. Initial studies of murine skeletal muscle transduced with AAT 
using an AAV2 vector demonstrated long-term, functional AAT protein secretion from muscle 
cells. These analyses progressed to a phase 1 study beginning in March 2004 focused on (a) 
assessing the safety of intramuscular administration of human AAT in adult AAT-deficient 
patients and (b) determining the dose of the vector-transgene system required to achieve a 
detectable level of AAT in these patients. Based on preliminary findings, 8 patients have been 
safely treated, and no serious vector-related adverse events have been observed. Serum muscular 
AAT levels are initially elevated but then diminish over time, anti-AAV2 antibodies develop 
steadily over time, and no anti-AAT antibodies have been detected thus far. These subjects are 
scheduled to participate in long-term follow-up for 15 years, so future data will provide more 
insight. The only obstacle Flotte mentioned in moving the research to the clinic was compliance 
with an extensive good manufacturing practice (GMP) scheme for the AAV2 vector, although 
this is now being refined. 

Arthur Beaudet (Baylor College of Medicine) presented a discussion of helper-dependent 
adenoviral (HDAd) vectors for liver- and lung-directed gene therapy. Similar to Flotte, Beaudet 
has devoted much time and effort to improving the quantity and quality of HDAd vector 
production. The major obstacle with translating adenoviral-based vectors to the clinic, however, 
has been substantial vector toxicity. Initial adenoviral toxicity studies revealed acute toxicity 
within the first 24 hours after vector injection, followed by viral gene expression from Days 2-4. 
An immune response then arose during Weeks 2-6 when chronic viral expression was in effect. 
In humans and non-human primate studies, the efficiency of adenovirus-mediated hepatic 
transduction following systemic injection increased with increasing vector doses, but so too did 
toxicity. Subsequent toxicity-limiting studies in mice revealed that hydrodynamic injection of 
HDAd resulted in increased hepatic transduction, reduced systemic vector dissemination, and 
less severe elevation of pro-inflammatory cytokines than conventional injection. Hydrodynamic 
injection into baboons using a balloon system to block hepatic venous outflow to thereby 
increase intrahepatic pressure also demonstrated stable, long-term, high-level transgene 
expression with no chronic toxicity. Studies of HD Ad-mediated, lung-directed gene therapy are 
also being carried out in baboons using a pressure-actuated Intratracheal AeroProbe aerosol 
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delivery catheter. Thus far, the vector doses administered have been well tolerated with minimal 
toxicity, and widespread transgene expression is seen. Based on these data, Beaudet hopes to 
initiate a clinical trial for hemophilia A or B and a clinical trial for cystic fibrosis by February 
2007. Before these trials can proceed, however, the Baylor group must achieve clinical grade 
vector production in addition to gaining regulatory approval. 

Joseph Glorioso (University of Pittsburgh School of Medicine) ended the vectorology 
section with a presentation on replication-defective herpes simplex virus (RD-HSV) vectors and 
their use in treating pain and neuropathy associated with sensory nerve disease. Use of RD-HSV 
vectors in neuronal tissues is advantageous given the large load capacity of the vector, targeted 
delivery to sensory ganglia by retrograde transport, stable persistence in neurons in a non- 
integrated state, a lack of neural toxicity, short- or long-term gene expression, and scalable 
vector manufacture with no wild-type recombinants produced. Glorioso and colleagues are 
employing the HSV vector to treat chronic pain, an unmet medical need that affects 60 million 
Americans. Nociceptors transmit noxious stimuli, which are ultimately transmitted to the spinal 
cord and brain. To block nociceptor signaling, mice were transduced with HSV-mediated 
proenkephalin (vector SHPE), which indeed reduced mechanical allodynia (pain caused by a 
normally non-painful stimulus) in a spinal nerve ligation model of neuropathic pain. Moreover, 
gene transfer did not induce tolerance and was additive with morphine treatment. These 
preclinical results support a phase 1/2 randomized dose-escalation study in humans to evaluate 
the safety and clinical efficacy of the vector SHPE system. Other uses of RD-HSV technology 
include reversing diabetic neuropathy via axon regeneration using HSV-mediated delivery of 
nerve growth factor or neurotrophin-3. One of the major rate-limiting steps for clinical trial 
assessment of this technology is HSV vector manufacture. 

Immunology of Gene Therapy 

The next session topic, co-chaired by Savio Woo (Mount Sanai School of Medicine) and 
Michel Sadelain (Memorial Sloan-Kettering Cancer Center), focused on the problems associated 
with gene therapy immunology. Daniel Salomon, a conference co-chair, began with a frank 
discussion of innate immunity and the paradoxes of viral pathogens and tissue injury in gene 
therapy. He reminded the audience that (a) many gene delivery vectors are built on pathogen 
skeletons, some of which still retain pathogenic genes; (b) the delivery of therapeutic genes, 
whether by injection/inhalation or ex vivo cell separation and manipulation, often causes direct 
tissue injury; and (c) therapeutic gene delivery by nature will often alter the state of the target 
cell and/or host. These combined factors often induce cells to produce "danger signals." Innate 
immunity is the body's first line of defense to acute injury and occurs within the first 12 hours of 
invasion; it is primitive, operates by pattern-recognition receptors, and has no memory. In 
contrast, adaptive immunity, activated next, represents a complex system that responds to 
specific antigens; it evolves, operates by determining self from non-self, and has memory. 
Innate immunity and adaptive immunity are linked such that activation of innate immunity will 
induce activation of adaptive immunity. Salomon stressed that innate immunity is good in the 
context of therapeutic vaccines, as it leads to enhanced adaptive immunity, both locally and 
systemically. In the context of a tumor vaccine or therapy, innate immunity could also trigger a 
very acute, tumor-destructive local response. In addition, bestowing a competitive advantage on 
gene-modified cells could enhance the selection of healthy over diseased cells. In contrast, he 
argued that innate immunity could be bad if tissue injury created at a transplant site triggers these 
potent natural defense mechanisms and targets the host cells expressing viral proteins for 
destruction by the immune system. To help move the gene therapy field forward, Salomon 
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advocated more basic research regarding innate immunity activation and regulation. Clinical 
applications should also employ strategies to limit tissue injury during gene delivery, and 
immune monitoring during clinical trials should be expanded to include assessment of innate 
immune markers (e.g., cytokines; chemokines; altered activation of dendritic cells, macrophages, 
NK cells, and downstream T or B cells). 

Hildegund Ertl (University of Pennsylvania and Wistar Institute) continued the discussion 
by delving more deeply into the topic of adaptive immunity to viral vectors and transgene 
products. Her research has shown that innate immune responses are triggered in response to both 
human and simian replication-defective adenoviral vectors, subsequently causing a potent 
transgene-product-specific CD8+ T cell response that is obviously unwanted. In analyzing 
several AAV vector serotypes, Ertl and her colleagues found that AAV2 vectors elicit a very low 
adaptive immune response in animals. Preliminary analysis of liver-directed, AAV2-mediated 
factor IX delivery in dogs with hemophilia B proved effective, thereby prompting a phase 1/2 
trial in humans with hemophilia B. Initially, one subject demonstrated transient transaminitis 
caused by immune-mediated liver destruction, namely, in response to the transduced 
hepatocytes. The trial protocol was subsequently modified to deliver less vector to participants, 
yet another patient still developed transient transaminitis with no detectable levels of factor IX 
observed. To account for these results, Ertl explained that most humans are naturally infected 
with AAVs that trigger the innate immune system, thereby later activating an adaptive immune 
response to AAV antigens and any associated helper viruses. As a consequence, humans have 
immunological memory to AAV that can be re-activated when the patient is exposed at a later 
time to AAV products, for example, the viral capsid. To overcome this problem, Ertl proposed 
using transient immunosuppression to prevent the loss of transduced cells, or she suggested that 
AAV vectors could be derived from species other than primates. 

Whereas Ertl discussed the use of AAV vectors as vehicles for delivering genes 
recognized as "self by the immune system, Philip Johnson (Children's Hospital of Philadelphia) 
discussed using AAV vectors as vaccines for delivering genetic material recognized as "foreign" 
and intended to produce an immune response — a situation where the objective is to elicit innate 
and adaptive immunity. Johnson described the use of AAV vectors in an HIV vaccine delivering 
the HIV-1 gag, protease, and a portion of the reverse transcriptase genes to cells following 
intramuscular injection. Preclinical trials in rhesus macaques using a human-equivalent dose 
range proved encouraging, with 100% of the animals producing antibody against HIV-1 Gag at 
12 weeks and 100% continuing to do so at 52 weeks. Studies of the vaccine have now 
progressed to human (HIV-negative) clinical trials, with safety, immunogenicity, and efficacy 
recognized as the key outcome variables. To overcome one of the biggest hurdles — funding — in 
getting the trial launched, the study was initiated in Europe as opposed to the United States 
because a sponsor was readily available (International AIDS Vaccine Initiative) and because the 
study could be quickly implemented since sites were already operational. Preclinical safety 
assessments — specifically, of the cell substrate and the biology of the vector — also presented 
significant hurdles prior to trial initiation. Although the results are preliminary, short-term safety 
of the vaccine has been demonstrated in trial participants, and dosage-boosting studies are now 
being initiated. 

Vaccines — Cancer and Other Diseases 

Hildegund Ertl and Dale Ando (Sangamo Biosciences) co-chaired the session on hurdles 
faced by researchers investigating vector-based vaccines for treatment of a variety of diseases. 
Malcolm Brenner (Baylor College of Medicine) led off by discussing the problems associated 
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with using gene transfer to augment immune function — a purpose for which more than 15 
investigational new drug (IND) applications have been filed. Brenner first detailed several phase 
1 trials of vector-based vaccines used to elicit immune function, for example, using interleukin-2 
(IL2) as a neuroblastoma tumor vaccine with either autologous or allogeneic tumor cell 
injections and generating a latent membrane protein 2 (LMP2)-specific cytotoxic T cell response 
to provide immunity against Epstein Barr virus and hence prevent lymphoma. Brenner 
mentioned several difficulties in bringing many phase 1 studies to trial. First, small-scale, 
iterative studies are often impeded by too many regulatory bodies, including governmental 
organizations, IRBs, lawyers, and insurance companies, among many others. Another difficulty 
is that pharmaceutical indifference to cell therapy, given its complexity, low profit margins, 
complex regulation, and poor public perception, impedes larger efficacy studies. Other problems 
include a lack of explicit expectations among Pis regarding their role at each stage of the clinical 
process and a lack of representative democracy that subsequently delays innovation — after all, 
the primary stakeholder is the patient, and committees should not decide on behalf of patients 
unless public health risks are present. To solve these problems, Brenner suggested conflating 
regulatory bodies by having only one local and one federal regulatory body, obtaining GMP-like 
manufacturing assistance for the creation of vectors to relieve some of the burden placed on Pis, 
and increasing patient input when making approval decisions. 

Speaking next, Karin Jooss (Cell Genesys) addressed the preclinical evaluation of the 
granulocyte-macrophage colony stimulating factor (GM-CSF) vaccine (GVAX for short). 
GVAX is a genetically modified tumor cell vaccine derived from tumor cells engineered to 
secrete GM-CSF. At the site of vaccine injection, resident dendritic cells take up tumor antigens, 
process them, and present them to naive T cells in draining lymph nodes to ultimately induce a 
systemic anti-tumor response. To make the GVAX vaccine as efficacious as possible, Jooss and 
colleagues considered the possibility that the cytotoxic T-lymphocyte-associated protein 4 
(CTLA4), which can play an inhibitory role in immunity by downregulating T cell responses, 
could be effectively inhibited by producing anti-CTLA4 antibodies to thereby increase the anti- 
tumor activity of the GVAX system. Indeed, this method proved effective in preclinical mouse 
and hamster studies. Despite this success, Jooss noted that 7 years lapsed between her team's 
initial discussion of the GVAX + anti-CTLA4 system and phase 1 enrollment of patients with 
hormone-refractory prostate cancer. To sidestep some of the difficulties that she encountered in 
getting the GVAX/anti-CTLA4 system to the clinical trial stage, Jooss acknowledged that use of 
murine homologs is essential for identifying safety and efficacy problems early on and that 
preclinical studies should use a treatment schedule similar to the one that will be used in the 
clinic to maintain as much consistency in the trial design and potential outcomes as possible. 

John Nemunaitis (Mary Crowley Medical Research Center) discussed some of the 
hurdles he encountered in the product approval process during tumor vaccine trials employing 
adenovirus. The first obstacle was simply understanding the situation: the FDA approval process 
for cytotoxic chemotherapy has been established for 50 years, whereas "new" targeted therapies 
lack this history and are subject to much greater scrutiny. In using these new therapies 
optimally, the activity of the therapies should ideally be focused on the malignancy portraying 
the target of the therapy and should not be used in populations of patients for which only a 
proportion carry the target. Although several vaccines have proven efficacious in clinical trials 
(e.g., adenoviral ONYX-015, GVAX, other GM-CSF gene-transduced vaccines, several other 
oncolytic-virus-based vaccines), standard hurdles to product approval include patient accrual for 
trials, the focus of the grant award (basic science vs. clinical), biotech financing and protection, 
governance (investor focused vs. product-approval focused), profitability, and loss of insurance 
coverage for research participants. Nemunaitis further defined hurdles that will present 
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themselves as targeted therapies unfold, such as developing technologies to better define patients 
physiologically amenable or sensitive to the vaccine. Moreover, Nemunaitis hopes that 
regulatory bodies will become more accepting of "proof-of-principle" trials with regard to vector 
toxicity to allow researchers to move forward more quickly when delivering a different or 
additional gene with the same delivery vehicle. 

Stephen Russell (Mayo Clinic) rounded out the session by discussing problematical issues 
associated with oncolytic RNA viruses. Early clinical evidence indicated that virotherapy does 
not usually work as a systemic therapy. Although it is still not known why the impact of 
intravenous administration is so limited, researchers speculate that the virus may fail to infect 
tumors efficiently, tumor cells could induce rapid extinction of viral gene expression, and/or 
viral spread may rapidly be controlled by immune responses. To address these and other issues, 
Russell suggested that researchers incorporate noninvasive pharmacological monitoring studies 
into their clinical trial designs. That is, pharmacokinetic analyses should be pursued to 
determine the fate of the virus in the body, and pharmacodynamic assessment should be carried 
out to identify how the virus works in the body. Preliminary studies with the measles virus 
demonstrate that it effectively infects and kills human tumor cells, and two treatment strategies 
using the measles virus as an oncolytic agent are currently being pursued: one using thesoluble 
extracellular domain of carcinoembryonic antigen as a soluble, secreted reporter for viral gene 
expression in patients with ovarian cancer and another using a virus expressing the thyroidal 
sodium iodide symporter to facilitate noninvasive imaging of viral gene expression (using 
radioactive iodine) in patients with multiple myeloma. Despite the promise that this technology 
holds, the challenges in translating measles gene transfer to the clinic include difficulties 
managing timeline expectations, maintaining momentum (lack of contingency funds available), 
getting expert help and financial support, finding a PI fully committed to the clinical process 
from start to finish, staffing the vector manufacturing and toxicology/pharmacology operations, 
learning the GMPs and GLPs, agreeing on a safe and feasible trial design, and choosing an 
appropriate animal model for preclinical toxicity evaluation. Moreover, the question as to who 
should develop intravenous virotherapy — industry or academia — remains unanswered. Although 
many may feel that the research is safer in the hands of academics, the capability of translating 
initial studies to phase 2 and 3 trials is generally lacking. However, Russell strongly advised that 
academic centers should develop translational capabilities to ensure that they can at least perform 
iterative phase I clinical testing before seeking industry partnership. 

Real Stories 1 

"Real stories" were presented at the Stakeholders' Meeting to provide insight into the 
experiences and difficulties faced by a representative set of researchers progressing through the 
clinical trials process. Glenn Pierce (Avigen), a co-chair of the first session of real stories along 
with Samuel Wadsworth (Genzyme Corp.), advised investigators involved in gene transfer 
studies to learn from the experiences of the presenters, and also from those in other fields such as 
the antibody field, so as not to reinvent history. Jean Bennett (University of Pennsylvania Scheie 
Eye Institute) began by discussing her experience with preclinical studies for Leber Congenital 
Amaurosis (LCA), an inherited retinal degenerative disease, and the successes her group has 
attained in correcting this defect in dogs. Bennett acknowledged the inherent difficulties in 
working on gene therapies for orphan diseases. Industry will rarely fund such endeavors because 
they stand to gain no profit since so few people have the disease. Related to this, the regulatory 
environment for such heavily scrutinized studies makes it increasingly difficult and expensive to 
get research from the bench to the bedside. Moreover, resources become fragmented when 
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information sharing is ignored to protect intellectual property rights. Patient selection for orphan 
disease trials is especially problematic since very few individuals actually have the disease of 
interest. To that end, Bennett recognized the need for a national database with comprehensive 
clinical and genetic data to identify potential participants. Preclinical ocular disease studies are 
further challenging because all animal models, with the exception of primates, lack a macula — 
the tissue of interest. Other challenges Bennett encountered are issues common to other diseases, 
such as the age of the subjects and stage of the disease. Because retinal photoreceptors die as 
LCA progresses, children represent the ideal target population for this therapy. However, 
informed consent issues, ethical concerns, and PI inexperience with children complicate the 
matter. These problems may be overcome by using only adults with advanced LCA disease in 
phase 1/2 studies to assess safety and efficacy and then allowing children in proof-of-principle 
phase 3 studies. Moreover, Bennett acknowledged a problem with heightened expectations in 
that the significant rescue of vision shown in dogs may not be as dramatic in humans. 
Consequently, patients and the general public should be educated regarding realistic expectations 
for the treatment. 

Mark Kay (Stanford University Medical Center) presented his experience with two phase 
1/2 clinical trials of AAV-mediated gene therapy for hemophilia B. Following the demonstration 
of safety in a phase 1/2 trial of AAV-delivered factor IX in muscle of patients with severe 
hemophilia B and the demonstration of safety and efficacy in preclinical dog studies employing 
liver-directed factor IX delivery, approval was granted for progression to human phase 1/2 
studies targeting the liver. A total of 3.3 years lapsed from the IND submission until the 
enrollment of 7 patients due to Recombinant DNA Advisory Committee (RAC) delays stemming 
from an unrelated gene transfer death and disagreement between the RAC and the FDA 
regarding the preclinical studies. Soon after the phase 1/2 dose-escalation trial of liver-directed 
factor IX was finally initiated, it was halted by the FDA when AAV vector was found transiently 
in the semen of the first two subjects. This ultimately took 1 1 months to resolve. When the trial 
again proceeded, transient transaminitis observed in one patient led to a 9-month delay for a 
treatment protocol amendment followed by necessary FDA approval. Other delays were caused 
by patient attrition, contract negotiations between the corporate sponsor and the clinical 
treatment sites, and coordination of the approval process among the many regulatory bodies. 
These delays culminated in withdrawal of corporate sponsor support, a loss of infrastructure and 
momentum, and disappointment from families. Given this experience, Kay stated that he and his 
colleagues know what they need to do next to advance hemophilia clinical trial studies, but they 
are limited by prohibitive clinical trial costs and the manufacture of clinical grade vector. Kay 
suggested that many of the problems he encountered could be obviated with more NIH and 
pharma financial support during early clinical trials and by consolidating and streamlining the 
regulatory process. 

Mark Tuszynski (University of California — San Diego) ended the first real stories session 
with the developmental challenges he sees with gene-based therapies for the nervous system. 
The nervous system represents an ideal target for gene-based therapy because a small area can be 
targeted with a small quantity of vector thereby resulting in less vector exposure. In addition, the 
central nervous system (CNS) provides partial immuno-privilege with less potential for a 
systemic immune response, and this area has a great unmet medical need. In contrast, vector 
administration to the CNS is invasive and expensive, a lack of regulation exists, outcome 
measures for efficacy need improved clinical scales or surrogate markers of disease activity, 
informed consent in dementing illness presents a unique conundrum, and control groups 
involving sham surgery are cumbersome and costly. Despite these factors, a number of trials of 
nervous system gene therapy have been initiated. To promote the advance of this field, 
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Tuszynski recommended that researchers initiate clinical trials based on sound efficacy and 
safety data from the best animal models available (e.g., primates for CNS). Moreover, the 
treatment design should be kept simple, such as targeting small, isolated regions with low-dose 
vector. Tuszynski commented that unjustified pessimism should be addressed while avoiding 
exaggeration, and RAC bureaucracy should be reduced since it is redundant with other 
regulatory agencies such as the FDA. 

As a co-chair of the next real stories session, Alan Kinniburgh (National Hemophilia 
Foundation) began by putting forward the question, "Why is there a dearth of funding for gene 
therapy?" He answered that this is due to the relatively few gene therapy successes that have 
been achieved, the few highly publicized cases of morbidity and mortality that paint gene 
therapy in a bad light, and the fact that gene therapy is no longer sexy. He suggested that 
voluntary health advocacy groups can aid in accelerating gene therapy research by directly 
funding more research and by advocating for additional funding from other organizations. 
Moreover, put forward the possibility of creating a funding consortium to support all gene 
therapy research and clinical trials. 

The president of the World Federation of Hemophilia, Mark Skinner, presented his 
agency's experience with moving gene transfer forward for hemophilia treatment. Hemophilia is 
typically treated by administering recombinant or plasmid-derived clotting factor. Although this 
therapy is effective, it is not curative and quite expensive, meaning that access is typically 
limited to individuals in developed countries. Consequently, the World Federation of 
Hemophilia adopted a goal in 1992 of promoting all research, including gene therapy, focused on 
finding an affordable and globally accessible cure for the disease. Many smaller hemophilia 
organizations have provided researchers huge monetary grants toward the same goal. 
Hemophilia represents an ideal disease to cure since it is well characterized genetically and 
clinically, there is a large market for the therapeutic product, there is a large unmet need for such 
treatment, and it is a simple monogenic disease with a wide therapeutic window. In reaching a 
cure, Kinniburgh acknowledged several areas that must be addressed. First, patient expectations 
must be managed so as to not elicit unfounded hope, and to that end, carefully defining what a 
cure will entail is important — that is, a cure may not be immediate, and physical, psychological, 
social, and financial burdens may not all be resolved at the same time. Second, challenges 
beyond basic scientific hurdles must be addressed, such as ethical concerns, informed consent 
issues, and the geographic variables of global clinical trials. Last, and perhaps most important, 
Kinniburgh stressed that achieving a cure cannot be met by the efforts of one individual, 
organization, company, or country; a collaborative approach is imperative. 

Representing the Stop ALD Foundation, Rachel Salzman presented her organization's 
experience with funding gene transfer trials for adrenoleukodystrophy (ALD), a rare, X-linked, 
monogenic disorder that leads to elevated very long-chain fatty acids. Approximately 45% of 
ALD onset occurs cerebrally in young boys and causes demyelinating disease, and the remaining 
incidence occurs in young adults and causes peripheral neuropathy. The current ALD therapy is 
allogeneic stem cell transplantation, but not everyone has a match and the procedure has a 40% 
mortality rate. ALD gene therapy involves ex vivo correction of autologous CD34+ cells using a 
lentiviral vector with an ABCD1 payload (the gene responsible for X-linked ALD). 
Impediments to clinical gene transfer, a process in which Salzman' s organization is closely 
involved, included challenges with the vector design and transduction protocol; fear of adverse 
events among investors and the public; weighing the risks versus benefits associated with safety 
versus efficacy; a lack of PI experience with gene therapy trials, regulatory affairs, and intimate 
knowledge of the ALD disease; and limited funds in addition to a limited number of scientists. 
Salzman' s suggested solutions to these problems included forming an advisory committee of 
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experienced Pis, partnering clinicians with PhDs and basic researchers, investing in public 
relations to draw favorable attention to the research being conducted, and focusing on diseases 
amenable to gene therapy to garner foundation involvement for enhanced support. She 
concluded by stressing that orphan diseases provide a unique opportunity for treatment, because 
a small scientific community can speak with a united voice. 

Real Stories 2 

The second day of the meeting began with another round of real stories in a session co- 
chaired by Richard Mulligan (Children's Hospital Boston) and Cynthia Dunbar. Kenneth 
Fischbeck (National Institute of Neurological Disorders and Stroke/NIH) began by discussing 
the use of gene therapy for muscular dystrophy (MD), a disease in which muscle fibers 
degenerate and regenerate thereby causing progressive muscle weakness. At least 22 genes 
involved in MD have now been identified, and opportunities for MD therapeutic intervention 
entail correcting or replacing defective genes, blocking the deleterious effects of gene defects 
that lead to muscle degeneration, and enhancing muscle regeneration. For example, several 
animal and human studies have focused on replacing dystrophin, an important structural protein 
at the muscle plasma membrane. Although the method worked well in animal models, human 
studies demonstrated low gene delivery efficiency with few muscle fibers corrected. Another 
therapeutic approach uses antisense oligonucleotides to promote skipping of mutant or 
downstream exons to restore the reading frame in faulty MD genes. This method rescued 
dystrophin production in MD mice and cultured muscle cells from Duchenne MD patients. The 
only drawback is the need for individualized treatment depending on the specific gene defects 
requiring antisense oligonucleotide targeting. Mulligan indicated that the success of the MD 
therapies currently being investigated stem from the common treatment approaches taken by 
investigators, which facilitate an efficient use of clinical research funds and an increased chance 
for commercial development, especially given the connection between MD and other common 
diseases (e.g., age-related muscle loss). 

Carl June (University of Pennsylvania) next presented the lessons he has learned from 
lenti viral gene transfer therapy for HIV/AIDS. HIV therapy uses a long antisense 
oligonucleotide targeting the HIV env gene encoding the viral envelope protein required for virus 
production and infectivity. High-efficiency transduction of primary human T cells with lentiviral 
vectors carrying antisense env has been demonstrated and suppresses HIV replication in vitro by 
> 2 logs. In a phase 1 trial assessing the safety and tolerability of T cells transduced with 
antisense env in 5 HIV-positive patients, no adverse events related to the protocol drug occurred 
and HIV viral load decreased in all patients over time, although the reduction was sometimes 
delayed. Moreover, the lentiviral gene transfer was sustained out to 1 year, as evidenced by the 
persistence of gene-modified CD4+ T cells, which suggests that multiple dosing may be 
possible. June explained that the major hurdles in launching the first human trials of lentiviral 
vectors involved regulatory obstacles (which he felt were appropriate given the potential for 
insertional mutagenesis with this system), patient enrollment, trying to advance to clinical trials 
without substantial animal model data, and ensuring institutional commitment for therapy 
translation. June also learned that gene therapy research funding independent of biotech is 
needed, because venture capital funding does not typically cover the costs of mechanism-driven 
studies, immunologic testing, and lifelong safety analyses that are nonetheless required in such 
cutting-edge trials. He also stressed the need for both empiric phase 1 trials so as not to over- 
rely on animal model studies, since the late-onset antiviral effects that he saw in patients would 
have been missed in animal studies. Another lentiviral HIV trial is currently planned — this one a 
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multi-dose, structured treatment interruption study — and will begin once FDA approval is 
attained. 

Douglas Jolly (Advantagene, Inc.) related his experience in moving retroviral-based 
factor VIII gene transfer from preclinical to phase 1 clinical trials. Studies in animals receiving 
the human factor VIII retroviral vector administered by peripheral vein injection demonstrated 
no toxicity, boosted protein expression with higher or multiple vector-transgene doses, and 
prolonged factor VIII expression. For example, about 30% of dogs with hemophilia A exhibited 
long-term factor VIII protein expression, and almost all dogs demonstrated significantly reduced 
clotting times for up to 2 years, although interpretation was complicated by antibodies to the 
human protein in dogs. These findings enabled a phase 1 study of the treatment beginning in 
1999 enrolling 13 patients with severe hemophilia A (factor VIII < 1%). Over 53 weeks, no 
serious adverse events occurred, no factor VIII antibodies were observed, and factor VIII 
expression levels ranged from 1% to 19% in 23% of all observations taken. In addressing why 
the vector worked well in animals but poorly in humans, Jolly surmised that the animal models 
were not predictive of certain prohibitive vector-human interactions (e.g., human restriction on 
the murine leukemia virus). Technical complications involved different vector preparations from 
the same packaging cell line exhibiting different properties, primarily in terms of titer. How this 
variability may affect preclinical or clinical outcomes is unknown. During the phase 1 study, 1 
time point (out of 10 total) for 1 patient turned out positive for vector presence in semen. 
Although no additional positive tests appeared for this or other patients in the study, lifting the 
clinical hold placed on the study created a significant delay. Like many others, Jolly 
acknowledged that clinical research costs are substantial. He ended by arguing that extensive 
characterization of the vector system will promote rational responses to setbacks, which will 
inevitably happen. He also noted that preclinical studies are typically less expensive than 
clinical studies, but in the end, the clinical money must be spent; deciding when to progress to 
the clinical phase is the hard part. 

Concluding the real stories was Ronald Crystal (Weill Medical College of Cornell 
University) who discussed gene therapy for Batten disease, also known as Late Infantile 
Neuronal Ceroid Lipofuscinoses (LINCL). This fatal, inherited disorder of the nervous system is 
caused by mutations in the CLN2 gene, which encodes the soluble lysosomal enzyme 
TriPeptidyl Peptidase 1 (TPP1) that cleaves membrane proteins to prevent their accumulation. 
The gene transfer strategy to treat LINCL involves delivering the normal human CLN2 gene via 
an AAV2 vector. Initial studies done in wild-type rats demonstrated long-term (18 months) 
expression of TPP1 in neurons far removed from the injection site — results then essentially 
repeated in non-human primates. Following a safety assessment of the clinical vector in rats and 
monkeys and the demonstration of restored protein cleavage following TPP1 production in the 
CLN2"'" mouse model, the decision was made to move these studies to the clinic. To date, 4 
children have received the clinical vector by direct injection into the brain. Three children are 
stable at 7.5 or more months out, whereas 1 child died 49 days after the operation from 
complications due to status epilepticus. Because children are the primary targets for this therapy 
and given the risk of death, several ethical issues arise. To preclude some of these difficulties, 
the protocol is given to the families of potential participants for review, and a sincere attempt is 
made to dispel all therapeutic misconceptions. At the time of enrollment, the consent process is 
carried out by the co-investigators, the research coordinator, and a Cornell research subject 
advocate; the PI is not involved. Like other orphan diseases, Batten disease falls into a funding 
gap between NIH support and venture capital/pharma monies. The total costs of the clinical 
study are estimated at $4 million over 3 years. As a result, funding provided by various 
foundations (i.e., NIH PI funding, Department of Genetic Medicine, and Nathan's Battle 
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Foundation) is critical for enabling the research to get done. However, Crystal noted that 
donating foundations are divorced from control over the clinical research to safeguard against 
personal motives and to promote the greater good of all. 

FDA/NIH Perspectives 

The last of the sessions, co-chaired by Stephanie Simek (Office of Cellular, Tissue, and 
Gene Therapies [OCTGT]/Center for Biologies Evaluation and Research [CBER]) and Kenneth 
Cornetta (Indiana University/National Gene Vector Laboratory [NGVL]), centered on the 
FDA/NIH' s perspective regarding the challenges in advancing the field of gene therapy. Simek 
prefaced the session by indicating that although the number of active gene therapy INDs in later 
phase trials are few in number — more than 160 in phase 1 versus slightly more than 60 in phase 
2 and only about 5 in phase 3 — the FDA is strongly committed to moving the field forward. She 
laid out a number of questions focused on safety and efficacy that all parties should keep in mind 
when devising how to advance their gene transfer research (Table 1). Furthermore, she stressed 
that academic researchers should remain involved in the transition to phase 3 trials given their 
wealth of knowledge about the basic gene delivery system that must be carried forward — 
knowledge that becomes critical if the project encounters a problem and needs to be stepped 
back to the phase 1/2 level for further refinement. 
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Table 1. Questions Researchers Should Consider to Advance Gene Transfer Research 

• In an ongoing phase 1 clinical trial of a specific gene therapy product, what 
product changes would require a new IND versus performing a preclinical 
bridging study to demonstrate safety? 

• If the product changes prompt a sponsor to perform a comparability study, 

• what type of testing should be included in the study? 

• how should the study be conducted? 

• Must a direct, side-by-side comparison of the old and new products be 
done? 

• Can data from previous lots of old product be used? 

• What type of assay would the FDA accept for use as a measure of product 
potency? 

• What is the importance/benefit of having a quantitative potency assay? 

• Will the agency accept a qualitative assay if a potency assay cannot be 
quantified? 

• Do animal studies need to be conducted with the product? 

• Do vector biodistribution studies need to be conducted if there is published 
data with this type of vector? 

• Do vector toxicology studies need to be conducted if there is published data 
with this type of vector? 

• What is an appropriate animal model for the vector of study? 

• Must non-human primates be used? 

• Can analogous vectors or transgenes be used in species other than non-human 
primates? 

• Does the agency accept data in animal models of disease for demonstration of 
activity? Safety? 

• Do all animal studies need to be GLP-compliant? 

• At what point in time should CBER be contacted to discuss preclinical studies? 

• What types of control groups might be needed for conduct of "adequate and well 
controlled" clinical studies to support registration for a gene transfer product? 

• Hoe does the FDA determine a study's designation (i.e., phase 1, 1/2, 2, or 3)? 
Does the FDA have specific criteria for making this designation? 

• Does the FDA accept clinical study data from trials conducted in countries outside 
of the US? 

• What advantages does the "fast track" development program designation confer to 
sponsors? 

Daniel Rosenblum (OCTGT/FDA) led off the trio of speakers with his perspective on the 
preclinical and clinical challenges of gene transfer studies. He stressed that safety represents the 
primary factor for improving the prospects for gene transfer success. In conjunction with this, he 
suggested that researchers seek FDA advice and keep the organization informed regarding 
changes in research plans, be able to adapt strategies to account for new developments, 
characterize the product mechanism of action to facilitate bringing the product to licensure, begin 
with a label in mind, and maintain focus throughout it all. He stated, "The first step in 
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developing products for clinical use is to establish that they are reasonably safe to test in 
humans." To that end, the FDA relies heavily on relevant preclinical data to make the assessment 
regarding a safe starting clinical dose, a safe scheme for dose escalation, and whether a clinical 
benefit can be obtained without excessive toxicity. The FDA also carefully examines the 
scientific basis for the clinical study design to verify that the rationale is sound, elements of the 
protocol have established data to back them, and adequate preclinical data are available to 
support the proposed clinical trial design. The FDA exists to safeguard against excessive patient 
toxicity that may occur during phase 1/2 exploratory studies. Hence, all phase 1/2 designs 
should define the optimal population that is predicted to have the largest clinical benefit at the 
smallest risk. Phase 2/3 confirmatory studies should be designed with the objective of 
demonstrating efficacy. 

Andrew Byrnes (CBER/FDA) continued this theme by specifically focusing on common 
challenges in the development of gene therapy products. He stated that researchers are not ready 
to proceed to pivotal clinical trials until the product has been adequately characterized. Product 
characterization entails undertaking specific tests to demonstrate product consistency between 
lots and assuring comparability after manufacturing changes. Above all, product 
characterization should demonstrate (a) correct identification of the product to verify that the vial 
contents match the label, (b) potency of the product based on a unique assay to measure 
biological function (ideally a quantitative measure of bioactivity; e.g., a measure of oncolytic 
adenovirus viral replication), and (c) product stability throughout all phases of the production 
process, which can be used to determine expiration dating and shipping and storing conditions. 
To quell any collective groan from audience members, Byrnes argued that good product 
development does not just help to get products passed by the FDA; it also can aid in product 
development and the clinical trial process by generating solid data. In contrast, not properly 
characterizing one's product may lead to difficulty in attracting partners and investors, and 
pivotal trials may be placed on hold until such analyses are carried out. Byrnes further 
advocated for product characterization by arguing that it is better to uncover problems sooner 
rather than later, the transition to pivotal trials and commercialization will be easier, a poorly 
characterized product may lead to unpredictable clinical results, and the expense of product 
characterization is small compared to the expense of repeating a clinical trial. To succeed at 
product characterization, the product and manufacturing process should be designed with 
consistency in mind at the very start, and product characterization should be initiated early. 

The last of the presenters, Kenneth Cornetta, discussed clinical trial challenges from the 
perspective of the NGVL. Formed roughly 10 years ago, Cornetta explained that the NGVL is 
an interactive, NIH-sponsored group with the goal of supplying investigators with clinical-grade 
vectors and toxicology support for gene therapy applications. Major lessons that Cornetta has 
learned in the past several years are that (a) cell lines generated in investigators' laboratories 
often do not meet quality standards and (b) investigators are struggling with grant timelines and 
regulatory issues related to adverse events that stifle the progress of many trials. Cornetta 
observed that scientists also face many challenges stemming from the rapidly evolving field of 
vectorology. He mused that "today's hot vector is tomorrow's dinosaur," which limits the 
availability of guidance documents and tacks on time to the vector production process due to 
new production and certification assays. In addition, investigators are strapped by financial 
difficulties owing to limited NIH support that does not last through the many review board 
hurdles Pis must overcome before clinical trials gain approval; some investigators may need 
three or more sources of funding for a single trial. Pis also face toxicology challenges since the 
wide variety of viral vectors makes standardized testing difficult and because traditional 
toxicology studies are not ideally suited to study biologicals. On the positive side, Cornetta 
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noted that the science and vectors keep getting better. Moreover, the NIH has had outstanding 
advocates for research and patient safety, the FDA and scientists from academia have been 
extremely dedicated to getting the research done, and academic institutions have made major 
investments in fostering clinical gene therapy. 

Following the conclusion of the talks, additional panelists — Maritza Mclntyre 
(CBER/FDA) and Mercedes Serabian (OCTGT)— joined the session participants for a general 
discussion with meeting participants. One issue that emerged was that, although not traditional, 
academic institutions can perform phase 3 trials and take a product all the way to licensure if 
they so choose; biotech/pharma control is not required. Some participants took issue with the 
fact that phase 1 trials often administer sub-therapeutic doses to patients. The panelists argued 
that there are ways to design safety trials where sub-therapeutic doses are not administered to all 
patients. The FDA also indicated that intra-patient dose escalation is a possibility if investigators 
can prove that the escalation will be safe. One participant asked whether there is any interaction 
between U.S. and European regulatory bodies to harmonize their regulations, as this becomes an 
issue for multi-center trials with European partners. The FDA noted that European participants 
in U.S. -sponsored trials have to comply with FDA requirements just like all U.S. participants. 
Returning to a common grievance, someone from the audience asked, "No one doubts the 
importance of regulations, but is there a way to make the process more streamlined for faster 
production?" For example, the role of the RAC is a source of contention for many researchers, 
because although it is not an official regulatory body, many IRBs regard it as such, and Pis are 
forced to follow suit. It was noted that FDA reporting has become more streamlined since the 
NIH Genetic Modification Clinical Research Information System (GeMCRIS) now allows online 
filing of reports, and the FDA is also willing to work with investigators when protocol changes 
are made so that researchers need not necessarily return to square 1 if they can empirically 
demonstrate that the protocol changes will not affect patient safety. 

Conclusion 

The concluding portion of the meeting was co-chaired by the co-moderators of the 
conference, Salomon and High. Salomon recapped issues discussed throughout the meeting by 
presenters and in conversations following the sessions, emphasizing above all the approaches 
that will enable the gene therapy field to move forward in clinical trials. To move vectorology 
forward, Salomon recapitulated that new strategies should be developed to direct integration 
safely, more attempts should be made to deliver or repair genes without insertional events, gene 
expression requires better regulation and tissue specificity, and the process of sorting out the best 
applications for specific vectors must continue. Moreover, he noted that it is critical for 
academics to approach the gene transfer "product" in the context of the entire process from phase 
1 to phase 3 to facilitate biotech and pharma support. Whereas some audience members agreed 
that scientists need to have the end product in mind to garner funding, others felt this is an 
inefficient and unnecessary approach since pharma will likely alter the basic characterization of 
the product to tailor it to their methodology. 

In turning to immunology, Salomon commented that immunity should not be viewed as 
an insurmountable barrier but just as a challenge. To move immunology forward, he noted the 
potential for developing therapies that do not activate the innate immune response and the use of 
immunosuppressive therapy, ideally only short term, to repress the innate and adaptive immune 
responses. More headway can be gained in this area if scientists team with immunologists to 
overcome immunological problems due to gene transfer. 
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Major progress has been made in the area of gene transfer vaccines, although persisting 
uncertainty regarding the selection of appropriate animal models requires resolution and more 
rigorous pharmacokinetic and pharmacodynamic analyses of gene transfer systems are needed. 

In turning to the important topic of the regulatory climate, Salomon observed that 
multiple players in the evaluation and approval process for clinical trials, each with perfectly 
appropriate but intensely held views of what is best for the many different stakeholders involved, 
are actually creating disincentives, delays, and significant obstacles to successfully initiating 
clinical trials. Everyone agreed that this is not the intention of any group involved and that the 
whole environment in the United States for the review, approval, and conduct of clinical trials is 
difficult. In other words, all invested parties have to be careful not to assume that every obstacle 
is unique to gene therapy. In trying to address these issues, Salomon argued that the best current 
target for refining the regulatory process involves establishing a constructive dialog with the 
local IRBs on a national level; however, this can only be done with great sensitivity and must 
fully respect IRB autonomy and each's special mandate for protecting research subjects and 
insuring ethical conduct of clinical research. An IRB director in the audience made the salient 
point that the mission of IRBs does not require justifying their process or their decisions to the 
physician investigators. Nonetheless, there was a consensus that everyone involved, especially 
the patients, have a major stake in supporting the success of clinical research. Thus, the ASGT 
should begin to reach out to IRBs and offer to provide necessary scientific expertise and support 
when requested in ways that improve the process. However, it is equally important that 
investigators begin to determine and understand the concerns of the IRBs with applications for 
clinical trials in gene therapy and work to address these issues proactively with their colleagues. 

Other strategies for advancing the field involve improving public perception of gene 
therapy through education and public outreach efforts. Indeed, since the workshop in April 2005, 
ASGT has launched a new committee to take on this task. Another need is to increase the level 
of experience at academic centers regarding clinical trial conduct to support and train the next 
generation of investigators. 

A major sticking point — and one of the most commonly heard grievances at the 
meeting — involves the issue of funding. First, the focus of pharma on "big markets" creates a 
funding gap for many current gene therapy targets aimed at relatively small "markets" such as 
single-gene-defect diseases. This lack of enthusiasm from pharma, albeit understandable in some 
terms, hinders translation of clinical gene therapy. One line of discussion was that some gene 
therapy should take on approaches in the major markets like cardiovascular disease, obesity, and 
diabetes. It was also pointed out that a significant amount of work in gene therapy is now 
directed at cancer, which is certainly a big market area. Proof of the success of gene therapy in a 
small-market disease would effectively bring about the necessary attention of pharma. In fact, a 
venture capital investor in the audience emphasized this point and noted how these issues of 
success perception were negatively impacting investment in small biotech companies for gene 
therapy. The discussion also considered the value of academic investigators taking more 
responsibility for starting projects with a more pragmatic development plan that considers issues 
to be encountered at later stages of production and implementation for clinical trials. The 
argument was made that a better plan from the very initiation would position academic advances 
for much easier acceptance by both small biotech and big pharma when success is demonstrated 
at the early phase 1/2 stage. However, others argued that this may be difficult to consistently 
execute when working with cutting-edge technologies where a clear view of later manufacturing 
and implementation issues is impossible. Finally, the NIH was recognized and applauded for its 
pivotal role in funding the development of gene therapy and supporting clinical trials through 
resources such as the NGVL and the NCI's Rapid Access to Intervention Development (RAID) 
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program. However, it was noted that the technical structure of classic NIH funding does not 
always mesh well with the timelines faced by researchers trudging through the regulatory 
process. This may limit early-phase research, reduce institutional interest in supporting this 
critical but risky stage, and narrow the field, particularly by serving as a major disincentive for 
young investigators with few of their own resources. A constructive suggestion was to create a 
more flexible funding structure for clinical trials as well as strategies to support investigators in 
dealing with the process of planning and approvals. In fact, this strategy is currently in 
development as part of the NIH Director's Roadmap. 

In the final analysis, all workshop participants agreed that there has clearly been 
significant progress in gene therapy in the last few years, and there remains strong support for 
the field in many areas. The recent advances in anti-tumor vaccines and in delivery of genes with 
new vector designs suggest that the gene therapy field is gaining momentum. Identification and 
mechanistic understandings of the problems the field now faces in vectorology, insertional 
mutagenesis, and immunity are necessary first steps to designing strategies to successfully 
address these challenges. In the meantime, the consensus was that the ASGT should work on two 
areas: (a) educating the public about the successes of and significant progress in gene therapy 
while ensuring that the failures are not unreasonably exaggerated, and (b) working with all 
involved stakeholders in the approval and review of clinical trial protocols to improve the 
process and reduce the disincentives currently recognized. 

Many of the summary slides for this workshop can be found on the ASGT web site: 
www.asgt.org . 
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Abstract 



Type I IFNs consitute a family of proteins exhibiting high homology in primary, secondary, and tertiary structures. 
They interact with the same receptor and transmit signals to cellular nucleus through a similar mechanism, eliciting 
roughly homogeneous biological activity. Nevertheless, the members of that family, IFNa species, IFN/? and 
IFNu;, due to local differences in the structure sometime show distinct properties. From the reported data it results 
that even minute changes or differences in the primary sequences could be responsible for a significant variety of 
biological actions, thus inducing to the hypothesis that Type I IFNs, rather than to be the result of a redundant 
replication during the evolution, play definite roles in the defense of living organisms to foreign agents. 



Abbreviations: Ab-IFNa - antibodies to alpha interferon; Ab-IFN/? - antibodies to beta interferon; Ala - alanine; 
Arg - arginine; Asp - aspaitic acid; Bo - bovine; Cys - cysteine; Gin - glutamine; Glu - glutamic acid; Gly - 
glycine; His - histidine; Hu - human; IFN - interferon; IFNa - alpha interferon; IFN/3 - beta interferon; IFN7 

- gamma interferon; IFNu; - omega interferon; IFNr - tau interferon; IFNA - gene of alpha interferon; IFNB 

- gene of beta interferon; IFNW - gene of omega interferon; He - isoleucine; Jak - Janus kinase; LE-IFNa 

- leukocyte alpha interferon; Leu - leucine; LY-IFNa - lymphoblastoid alpha interferon; Lys - lysine; mAb - 
monoclonal antibody; Met - methionine; Mu - murine; N-Ab-IFNa - antibodies to alpha interferon neutralizing 
in vitro antiviral activity of alpha interferon; NN-Ab - antibodies to alpha interferon non neutralizing in vitro 
antiviral activity of alpha interferon; NN-Ab-IFN/3 - antibodies to beta interferon non neutralizing in vitro antiviral 
activity of beta interferon; Pab - polyclonal antibody; Phe - phenylalanine; poly I:C - polyinosinicrcytidylic acid; 
Pro - proline; rIFNa - recombinant alpha interferon; SDS-PAGE - sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis; Ser - serine; Thr - threonine; Trp - tryptophan; Tyk - tyrosine kinase; Tyr - tyrosine; Val - valine. 



Introduction 

The interferons (IFNs) among cytokines consitute the 
most complex family. A number of IFNs have already 
been identified, although further discoveries cannot be 
excluded. Five type of interferon are currently distin- 
guished: IFN alpha (IFNa - also known as leukocyte 
interferon), IFN beta (IFN/? - also known as fibrob- 
last interferon), IFN gamma (IFN7 - also known as 
immune interferon), IFN omega (IFNu;), and IFN tau 
(IFNr - also known as trophoblastic factor) [1,2]. 

They exert their activity through an interaction with 
membrane receptors [3, 4, 5]. IFNa, IFN/?, and IFNu; 
bind to the same receptor, the so-called type I, which 



is composed of two subunits recently cloned [6, 7], 
modulating biological effects in vitro, such as estab- 
lishing antiviral status, inducing antiproliferative and 
immunostimulating activities [ 8, 9, 10]; IFN7 inter- 
acts with a specific receptor, the so-called type II, and it 
eminently shows immunomodulating activity [3, 1 1]. 
IFNr diverge from the above mentioned, since it is 
biologically active during the embryo preimplantation 
of ruminants. In the present report attention will be 
focused only on Type I IFNs. 

To date, 13 genes and 5 pseudogenes of IFNa, 1 
gene and 6 pseudogenes of IFNu;, and 1 gene of IFN/? 
have been identified. All these genes are located on the 
short arm of chromosome 9, at band 9p2 1 . They can be 
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considered belonging to two groups indicated as distal 
and proximal. The distal group has a more recent origin 
and contains genes IFNA21, IFNA4, IFNA7, IFNA 10, 
1FNA 1 6, IFNA 1 7, IFNA 1 4, IFNW 1 , and pseudogenes 
IFNWP15, IFNWP9, IFNWP18, and IFNWP5. The 
IFNB gene is located at the end of this distal group. 
The proximal group, expanded earlier in the evolu- 
tion, contains genes IFNA5, IFNA6, IFNA 13, IFNA2, 
IFNA8, IFNA1, IFNW, and pseudogenes IFNAP22, 
IFNAP20, 1FNAP11, IFNAP12, IFNAP23, pseudo- 
genes IFNWP2, and IFNWP19. IFNA genes within 
the distal group are more closely related than the IFNA 
genes of the proximal group [12]. 

The Type I IFN family contains proteins of 166 
amino acidic residues, except that IFNa2 which has 
165 residues, and IFNu; with 172 residues. 

The apparent molecular weights range between 
16000 and 28000 D, when measured in SDS PAGE. 
Only some of them are glycosylated, namely !FNa2 is 
O-glycosilated on Tyr 106, IFNq14 is N-glycosylated 
on Asn 2 and Asn 72, IFN/? on Asn 80, and IFNu; on 
Asn 78. 

All the IFNa subtypes and IFNu contain two disul- 
fide bridges at the position Cys 1-Cys 99, and Cys 
29-Cys 139, except that IFNq2 which lacking position 
44 forms the disulfide bridges with Cys 1-Cys 98 and 
Cys 29-Cys 138, and for IFNa8 which forms the first 
disulfide bridge with Cys 1-Cys 100. IFN/? has only 
one disulfide bridge at Cys 31-Cys 141. 

The reason for the natural existence of such cospic- 
uous numbers of IFN species which act on the same 
receptor is still under investigation; from the report- 
ed data unequal biological activity of the various 
IFN species could be inferred. They showed differ- 
ent antiviral activity [13, 14]; different stimulation of 
the natural killer activity (NK), in which some sub- 
types, like IFNa7, act as antagonist of other ones, like 
IFNa2 [15, 16]; different stimulation in monocytes 
of the antigen of the major histocompability complex 
[17, 18]; different inhibitory ability of cell growthf 19, 
20, 2 1 ]; and different interaction with IFN receptors in 
cells of different animal species [22]. 

From the interaction with the receptor emerges a 
signal transduction similar to that of most of cytokines. 
The binding proteins of the IFNa//? receptor do not 
contain any functional enzyme but recruit cytoplas- 
mic tyrosine kinases among them of the Janus family, 
namely T>k2 and Jakl [23]. 

The type I IFNs have 33 completely conserved 
positions. The subtypes of IFNa, in particular, have 
the highest homology, up to 95% for the cou- 



ples IFNa4/IFNa7, IFNa4/IFNal7, IFNa5/IFNa22 f 
which correspond to 7-9 different residues. While the 
lowest homology in IFNa subtypes (78%) is present 
for the couples IFNal/IFNa7 and IFNal/IFNa8 cor- 
responding to differences in 35-38 residues. Struc- 
turally closest to IFN/? are IFNa2 and IFNa22 with 
33% of homology, while the minimal homology (29%) 
is shown by IFNal, IFNa8, and IFNa21 . Both IFN/J 
and IFNu;, when compared to IFNa subtypes, show 
the highest homology to IFNa2 [24]. 

Therefore, the members of Type I IFNa family 
consist of molecules with a variable homology, from 
29% to 95%, interacting with the same receptor and 
eliciting similar biologial affects. Nevertheless, since 
differentiated biological activity has been recognized 
some fine differences should be present among Type 
I IFNs in the binding to the receptor and transmitting 
the signal. 

The aim of the present paper is to report data rela- 
tive to structure-activity of Type I IFNs with the intent 
to show that some different properties may be attribut- 
ed to structural reasons. 

The hypothesis is that all the molecules of Type I 
IFNs retain a common structure, but due to local dif- 
ferences in the primary sequence they diverge in some 
way in the interaction to the receptor, thus inducing 
modulated or differentiated effects. 



Structural and functional data of Type I IFNs 

Based on a computer-building approach, a three- 
dimensional model for human Type I IFNs has been 
constructed [25], challenging the results with X-ray 
crystallography data available for murine IFN/? (Mu- 
1FN/3) [26]. From this representation the tertiary struc- 
ture of Type I IFN consists of five major a-helix 
segments indicated as Helices A (encompassing the 
sequence 12-24), Helix B (51-67), Helix C (80-99), 
Helix D (115-132), and Helix E (141-165), which 
are arranged up-up-down-up-down. The interconnect- 
ing regions are designed Loops AB (25-50), BC (68- 
79), CD (100-1 14), and DE (133-140). A short helix 
structure may be recognized in Loop CD, too. Similar 
results have been obtained by other authors, even if 
some minor differences are evidenced in the predicted 
locations of helices and loops [24, 27]. 

Large number of data are reviewed on the structure- 
activity relationship of Type I IFNs. Unfortunate- 
ly this information is concentrated mainly on a few 
species, namely IFNal, IFNa2, IFNa4, and IFN/?. 



Reduced amount of data are available for IFNa8, 
IFNa7, IFNa21, and lFNu. Only rare information 
can be collected for the remaining components of the 
family. 

The data are reported in Table 1 , following the order 
of the sequence position, to which they are referred 
(first column). The shadowed areas of Table 1 represent 
conserved positions at least between IFNa subtype. 

As reference, the sequence of IFNa2b has been 
used, where an extra position at 44 has been introduced 
(second column). When data of IFN/? and IFNu are 
dealt with, the position number corresponds always 
to that of IFNa2b, after having properly aligned the 
sequences of IFN/? and IFNw to get the best fit in the 
homology [24]. 

The choice of such classification is based on the 
conviction that it could be useful to compare together 
disparate information concerning the same sequence 
position (third column). 

The data of Table 1 represent an incomplete collec- 
tion; nevertheless, the hope is that they are enough 
to show how complex is the matter, to give some 
interpretation-keys for further data and, finally, to per- 
mit some partial conclusions. 



Discussion 

The data of Table 1 will be discussed only with the 
intent to draw some general statements, leaving to 
the reader the opportunity to interpret them in more 
detail. The distribution of critical positions along Type 
I IFN sequences suggests several regions of the IFN 
molecules are involved in eliciting the biological activ- 
ity, and the evolutional differentiation, that produced 
the members of Type I IFN family, acted over the 
entire sequence as consequence of the need to follow 
IFN receptor modifications, to create or to maintain the 
specificity over different animal cells or over histolog- 
ically different cells, and to specialize the biological 
activity of some of them. 

This hypothesis is confrmed by the observation that 
fragments of Type I IFN sequences, obtained by syn- 
thesis or proteolytic cleavages, were never able to dis- 
play or inhibit the entire biological activity of IFNs [29, 
30, 31, 32, 33]. In this context it is interesting to note 
that the region of IFNa with the highest homology of 
sequence, namely 140-150, is poorly involved in the 
biological activity; needless to say that this region has 
not been differentiated during evolution, since it is not 
relevant. 
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Type I IFNs have two main binding sites to IFN 
receptor, one at high affinity responsible for the binding 
to the receptor, an other one at lower affinity involved 
in mediating signal transduction [34, 35, 36, 37]. These 
two binding sites are spatially distinct, in the first one 
Helices A and B, and Loop AB are involved with a large 
contact area, while the second one engages Helices A 
and C, and Loop DE in a smaller contact area. There- 
fore, at least based on that description two distincted 
fragments should be needed for eliciting the biological 
activity. 

Many positions of Type I IFNa have been rec- 
ognized as important for the receptor interactions. 
Continuous areas formed by charged residues, which 
form electrostatic potentials complementary to recep- 
tor potentials, have been hypothesized. For example, in 
the case of IFNa8 a positively charged area is assumed 
to be composed of the residues at positions 12, 13, 22, 
23, 31, 33, 34, 46, 50, 145, 150, 160, and 165. A 
negatively charged zone is assumed to be formed by 
residues 78, 79, 83, 84, 88, 90, 95, and 97. While an 
area suitable for hydrophobic interaction is assumed 
to be arranged by residue 9, 16, 17, 30, 152, and 154 
[37]. 

On the basis of structural analysis of type I IFNs 
and IFN receptor, the positions that are believed to be 
directly in contact with the receptor are 6, 7, 10, 13, 
14, 17, 18, 20, 21, 27, 28, 30, 31, 33, and 43 [24, 27, 
37,38,39,40], 

Furthermore, from Table 1 it results that crucial 
roles are also played by some residues, which are func- 
tionally important to confer the proper structure to the 
IFN molecules. The two Cys residues, forming disul- 
fide bridge 29-139, are critical. The inhibition of the 
formation of this disulfide bridge or just the displace- 
ment of its location of only one position causes loss of 
activity [41]. 

The residues of IFNa2 Phe 36, Leu 67, Trp 141, 
and Val 143 form a hydrophobic pocket surrounding 
the side chain of Leu 131. The substitution of Phe 
36, Trp 141, and Leu 131 has been demonstrated to 
abrogate the activity, thus showing how important is 
this structural motif [37]. 

Tyr 123 seems to act as spacer between Helix D 
and Loop AB. The substitution of this residue with 
aromatic residues, like Phe or Trp, has a minor effect 
on the biologically activity, while the substitution with 
charged and/or hydrophillic residues produced a dra- 
matic decrease of the antiviral effect [42]. 

A similar role is played by Tyr 130, which appears 
to be a spacer between Helix D and Loop AB [42]. 
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Table /. 

No. Residue Note Ref. 
1 Cys Conserved residue in the IFNq subtypes and IFN/? 

1 Cys IFNa I analogue with Ser 1 completely maintained the biological activity [41] 

1 Cys Cys involved in the disulfide bridge 1-99, which is not essential for the biological (791 
activity 

I Cys The anologue of IFNa 1 with the substitution of Cys 1 , 86, and 99 with Ser residues [119] 
retained 23% of biological activity in human cells, but the activity was not affected 
on bovine cells 

1-4 Truncated analogue of IFNq2 retained the antiviral, antiproliferative, and [41 ] 

immunostimulating activity 

1-5 Truncated analogue of IFNa2 retained the antiviral, antiproliferative, and [41,81, 82] 

immunostimulating activity 

1—10 Truncated IFNa2 had poorly detectable antiviral effect [41] 

1-1 1 Replacement of that fragment of IFNa2 with the corresponding to IFNa 1 produced [41 ] 

an IFNa2 analogue with similar biological activity respect to the IFNa2 
1-12 Truncated lFNa2 had poorly detectable antiviral effect [41] 

1-14 Truncated IFNa2 was inactive in the antiviral activity [41] 

1-16 Truncated IFNa2 had poorly detectable antiviral effect [41 ] 

1-2 1 Truncated IFNa2 did not have antiviral effect [41 ] 

1-21 Deletions in this region inactivated IFNa2, but not the NK- 2 binding to the protein. [41, 83] 

1-23 mAb, named I-4-A, to that fragment of IFNa4 inhibits signal transduction, but not [71] 

receptor binding 

1-29 Deletions in this region inactivated IFNa2 but not the NK- 2 binding to the protein. [41 , 83] 

1- 60 Hybrid [a8(l-60), al(6l-I66)] had close optimal activity on human cells and good activity on murine cells. 

2- 7 Replacement of that segment of IFNa2 (Asp-Leu-Pro-Gin- Thr His) by the unrelated [4 1 ] 

IFN7 sequence (Tyr-Cys-Gln-Asp-Pro-iyr) did not affect the activity 
3 Leu Conserved residue in IFNa subtypes, IFN/?, and IFNu; 

5 Gin mAb, designed Ul, binds to region 5-15 of IFNa2 but not at all to IFNa 1. The [75] 

differences in the sequence are at the position 5(Gln in IFNa2, Glu in IFNa 1), 10 

(Gly in fFNa2, Asp in IFNa 1 ), and 1 1 (Ser in IFNa2, Asn in IFNa 1 ) 
5 Gin The [Glu 5, Ser 27, Met 3 1 , Leu 60] IFNa2 analogue containing four residues of [41 ] 

IFNal, which do not occur in those positions in any other IFNa subtypes, had 

antiviral potency close to that of IFNa 1 

5 Gin The [Glu 5, Asp 10] IFNa2 with the modified residues corresponding to those of [411 

IFNal was biologically and immunologically similar to IFNa2 

6 Thr Conserved residue in the IFNa subtypes 

6 Thr This position is predicted to be involved in the interaction IFNa8-receptor (D20C [37] 

model at site 2). The residues involved are: Thr 6, His 7, Gly 10, Arg 13, Ala 14, Leu 
17. Leu 18, Met 21 

7 His Conserved residue in the IFNa subtypes and IFNuj 

7 His A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys [37] 

3 1 , Arg 33, His 34, Lys 46, Lys 50, Arg 1 45, Arg 1 50, Lys 1 60, Lys 1 63, Lys 1 65 

are predicted in IFNa8 to form a continuous surface of positive electrostatic 

potential complementary to negative potential of receptor molecule 
7 His This position is predicted to be involved in the interaction IFNa8-receptor (D200' [37] 

model at site 2). The residues involved are: Thr 6, His 7, Gly 10, Arg 13. Ala 14, Leu 

17, Leu 18, Met 2 1 
9 Leu Conserved residue in the IFNa subtypes and IFNa; 
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9 


Leu 


A cluster of hydrophobic residues of IFNa8, Leu 9, He 16, Leu 17. Leu 30, Phe 152, 
Leu 154, lie 156, are predicted to be involved in the binding to the receptor (site I) 


[37] 






TT-i^ evnthpf ir tvnfirlp rnmpcnnnHintJ to iH^Jrv enn^ ^ponpnrc inhihitpd hrtth thp 

proliferation of the Daudi cell and the antigen receptor-stimulated proliferaton of 

{(Colt IIUIIHII i lj 1 n|JUUt.jr ic». 


1841 


10 


Gly 


This position is predicted to be involved in the interaction IFNa8-receptor (0200* 
model at site 2). The residues involved are: Thr 6, His 7, Gly 10, Arg 13, Ala 14, Leu 

1 / , Leu lO, 1>ICI XI 


[37] 


10 


Gly 


mAb, designed Ui, binds to region 5-15 of IFNa2 but not at all to IFNal. The 
uiuerenccs in uic scLjucriLC arc *u uic jAJsmun j^um in irnuz, vjiu in iniu i ivi 
(Gly in IFNq2, Asp in IFNal), and 1 l(Ser in IFNq2, Asn in IFNal) 


[75] 


in 




Thf> rfiln 5 Atn 101 IFNr*7 with the moriific*fl rp^idui*^ rnrrp^nflndint^ tn thrive f>f 

IFNa 1 was biologically and immunologically similar to IFNa2 




10 


Gly 


Replacement of all five Gly residues of IFNa2 with chiral residues like Ala residues 
produced analogue [Ala 10, 37, 45, 103, 105] IFNa2, which is indistinguishable 

irom Irisa*. 


[41] 


10 


Gly 


It is the most critical residue in the epitope of mAb-I-4-A to explain the selective 
reaction to subtype IFNa4a and IFNa2b, but not IFNal and IFNa 14 


[71] 


in 1 s 




ixcpiuLCiiiCf n ui uui iiutjiiicni ui irnui wiui live f\ia icbiuuci* uiuuuicu u ivatiuiu 
reouciion in me uioiugicai ucuvuy. 


1411 


10-44 




Bovine IFNaC is inactive on human cell, and the replacement of the sequence 10-44 
by corresponding sequence of human IFNa7 produced an hybrid that was partially 
active on human cells. In that fragment at least five of the following ten positions are 
considered critical* 21 22 24 27 31 34 35 37 40 42 and 43 
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1 1 
1 1 


OCI 


m A K H/»c i onpH III hinHc fn n>a!nn S — t S of IT-MrvO hut not nt nil f A I CMa 1 ' I Hp 
ni/\u, ucsigncu ui ( uniua iu region j— u ui irnui. um nui ai tin iu instil, uic 

uiiiciciicca in uic dCUfUcmc oic ai uic puoiuuii j^vjiii in irnu^i uiu in iniui/ t iu 

(Gly in lFNa2, Asp in IFNal), and 1 l(Ser in IFNa2 f Asn in IFNal) 


T751 


12 


Arg 


Conserved residue in the IFNa subtypes and IFNu 




12 


Arg 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 
31, Arg 33, His 34, Lys 46, Lys 50, Arg 145, Arg 150, Lys 160, Lys 163, Lys 165 
are predicted in IFNa 8 to form a continuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 


[37] 


1 D 


Arg 


fVtncprvpH rpciriup in thp IFN/> cnhtvnpc 
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13 


Arg 


Ifnarl would "see'* Arg 13 of IFNa2 


[25,27] 
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31 Ar?33 His 34 Lvs 46 Lvs50 Are 145 Are 150 Lvs 160 Lvs 163 Lvs 165 
are predicted in IFNa8 to form a conUnuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 
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13 


Art* 


Thic nr»«itinn ic nrpdicted tn hr* invnlvwl in thp interartinn rFNrtR»rpcentnr (DldC/ 

model at site 2). The residues involved are: Thr 6, His 7, Gly 10, Arg 13, Ala 14. Leu 
17, Leu 18, Met 21 


f371 


13 


Arg 


The residues Arg 13 and Leu 17 are predicted to be also involved in the IFNa8«p40 
model at site 1 


[37] 


14 


Thr 


Ifnarl would "see" Thr 14 of IFNa 2 


[25. 271 


14 


Thr 


This position is predicted to be involved in the interaction IFNa8-rcceptor (D20C/ 
model at site 2). The residues involved are: Thr 6, His 7, Gly 10, Arg 13, Ala 14, Leu 
17, Leu 18. Met 21 


[37] 


16 


Met 


A cluster of hydrophobic residues of IFNa8, Leu 9, He 16, Leu 17, Leu 30, Phe 152, 
Leu 154, He 156, are predicted to be involved in the binding to the receptor (site I) 


[37] 


16 


Met 


Single mutation of each of Met 16,21, 60, 112, and 149ofIFNa2 with Leu residues, 
and contemporary substitution of all Met residues with Leu residues produced 
analogues indistiguishable from unmodified IFNa2 


[41] 


16-29 




This region contains elements responsible for the reduced activity of IFNa 1 on 
human cells 


[40] 


16-29 




That sequence is responsible for IFNa 1 being only partially active on human cells 


[45] 


17 


Leu 


Ifnarl would "see" Leu 17 of IFNa2 


[25.27] 
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17 


Leu 


A cluster of hydrophobic residues of IFNq8, Leu 9, lie 16, Leu 17, Leu 30. Phe 152, 
Leu 154, lie 156, are predicted to be involved in the binding to the receptor (site 1) 


[37] 
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t an 


The residues Arg 13 and Leu 17 are predicted to be also involved in the IFNo8-p40 
model at site 1 


mi 

1->'J 


18 


Leu 


This position is predicted to be involved in the interaction IFNa8-receptor (D200' 
model at site 2). The residues involved are: Thr 6, His 7, Gly 10, Arg 13, Ala 14, Leu 
I /, Leu is, Met zi 


[37] 


18-45 




mAb to that fragment of IFN/3 does not neutralized the antiviral activity 


[70] 


20 


Gin 


Conserved residue in the IFNa subtypes and IFNu; 




on 


nir% 
uin 


iinari uouiu see uin akj oi iriNQz 


roc m 


21 


Met 


Conserved residue in the IFNa subtypes and IFNu; 




21 


Met 


Ifnarl would "see" Met 21 of IFNa2 


[25,27] 


O 1 


Met 


This position is predicted to be involved in the interaction IFNa8-receptor (D200 / 
model at site 2). The residues involved are: Thr 6, His 7, Gly 10, Arg 13, Ala 14, Leu 
17, Leu 18, Met 21 


I J /J 


21 


Met 


Single mutation of each of Met 16, 21, 60, 1 12, and 149 of IFNq2 with Leu residues, 
and contemporary substitution of all Met residues with Leu residues produced 
analogues indistiguishable from unmodified IFNa2. 


[41] 


oo 


Arg 


5ite*airect mutagenesis oi Arg ana Arg ot Human iriso/c witn Lys ana His 
respectively produced an analogue with antiviral activity on human and bovine cells of 
xUUU/o, ana respectively 


Mil 

[43J 


22 


: Arg 


At least one of residues 22, 26, and 27 should have strong effect on antiviral activity 
on human cells 


[45] 


22 


Arg 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 
31, Arg 33, His 34, Lys 46, Lys 50, Arg 145, Arg 150, Lys^60, Lys 163, Lys 165 
are predicted in IFNo8 to form a continuous surface of positive electrostatic 

rvit^ntinl rnmnlpmpntnrv fn n^cntivf* rmfpntinl nf" fw d nfnr mnlfvntf* 
fAJlvillldl lUIIipiCIUCIUtUy 1U IltgdUVC JAJlCJIUiH Ul ILLLpiUl lUUIdUIC 


[37] 


23 


Arg 


Alteration of Arg with Lys in that position (IFNa2a/b) did not affect its biologic 
activity, but modified antigenic structure in the N -Terminal domain 


[85.86] 


ZJ 


Ara 

Arg 


The neutralizing antibodies which contained in their epitopes that position inhibited 
me uinuing ui iitmcixu iu iiuiiidji ecus. 


IB£ 071 

loo, o/J 




Arg 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 
3 1, Arg 33, His 34, Lys 46, Lys 50, Arg 145, Arg 150, Lys 160. Lys 163, Lys 165 

art* nrf*Hipf(*H in IPNrtR Xn form n mntinimns <tnrfi\r& nf rv\^ii\vt^ f»1fvtmcfnttf 

dlC |J1CU1HCU ill 11 liUO IU 1U1 111 u tUIUUlUUUi aliiluLC Ul JJUiJUVC CldllUMallL 

potential complementary to negative potential of receptor molecule 


mi 


xj 


Arg 


i ne resiuues ai uic positions zo ana oh are preuicicu 10 ue exposea ana siencaiiy 
accessible 


FORI 


O/t 


lie 


Conserved residue in the IFNa subtypes and IFNuj 




24-29 




The residues of this sequence are proposed to interact directly with ifnarl 


[38] 


25 


Ser 


Conserved residue in the TFNf* *uhtvnes and IFNttj 




25-28 




The sequence of human IFNqI is identical to that of the bovine IFNa, where it is a 
conserved sequence 


[45] 


26 


Leu 


Single replacement in that position had only minor or insignificant effects on 
antiviral activity of IFNa4 


[24] 


26 


Leu 


At least one of residues 22, 26, and 27 should have strong effect on antiviral activity 
on human cells 


[45] 


26-37 




Changes of the antiviral activity due to modifications in this region of IFNa4 was 
accompained by similar changes in the antiproliferative activity 


[89] 


27 


Phe 


Single replacement in that position significantly contributed to low specific activity of 
IFNal 


[41] 


27 


Phe 


Single replacements in that position had only minor or insignificant effects on antiviral activity of 
IFNq4 


[24] 
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27 


Phe 


A large hydrophobic residue is found in that position in all human and murine 
IFNa except that in IFNa 1. This kind of residue appears to be necessary for full 
activity on human but not on bovine cells 


[45] 


27 


Phc 


Large hydrophobic residue appears to be necesary for full activity on human cells but 
not bovine cells 


[38] 


27 


Phe 


Ligand lacking of a hydrophobic residue at the position 27 and having Met 3 1 instead 
of Lys (common situation in all the human and murine IFNs) produced an inactive 
complex with bovine ifnarl /murine ifnar2 


[38] 


27 


Phe 


The [GIu 5, Ser 27, Met 31, Leu 60] IFNq2 analogue containing four residues of 
IFNa 1, which do not occur in those positions in any other IFNa subtypes, had 
antiviral potency close to that of IFNa 1 


[41] 


27 


Leu 


At least one of residues 22, 26, and 27 should have strong efTect on antiviral activity 
on human cells 


(451 


28 


Ser 


Conserved residue in the IFNa subtypes 




28 


Ser 


[Cys 28, Ser 29] IFNa2 analogue, where the sequence of the position 28 and 29 are 
inverted, was devoid of biological activity on human cells 


[41] 


29 


Cys 


Conserved residue in the IFNa subtypes, I FN/?, and IFNu; 




29 


Cys 


Imponan disulfide bridge 


[46,90] 


29 


Cys 


[Ser 29, Ser 139] IFNa2 showed reduced but still detectable antiviral activiy. 


[41] 


29 


Cys 


[Gly 29, Gly 139] IFNa2 was inactive 


[41] 


29 


Cys 


[Leu 29, Cys 30] IFNa2, where the sequence of the position 29 and 30 are inverted, 
was devoid of biological activity on human cells 


[41] 


29 


Cys 


The [Cys 27, Phe 28, Ser 29] IFNa2 analogue with the displacement of Cys 29 by 
two position down along the chain was biologically inactive 


[41] 


29-33 




The residues flanking that region have been shown to influence the presentation of 
that sequence 


[76] 


29-33 




The [Cys 29, Ala 30, Lys 31, Ala 32, Ala 33] IFNa2 mutant was inactive on both the 
bovine and human cells 


[91] 


29-35 




The domain is in close spatial proximity to the fragment 123-140 in the proposed 
model. All the residues are accessible. 


[25] 


29-36 




Policlonal antibodies to that fragment reacted well with IFNa I and IFNa4, but 
weakly with IFNa2 


[75] 


29-50 




It contains the localization of conserved and hydrophillic zone 


[24] 


30 


Leu 


Conserved residue in the IFNa types, IFN0, and IFNu; 




30 


Leu 


Bovine ifnarl/bovine ifnar2 produces an inactive complex with a ligand carrying 
incompatible substituem at that position 


[38] 


30 


Leu 


Site-direct mutagenesis showed that the substitution in that position is critical. 
Substitution in the indicated position reduced antiviral activity and antiproliferative 
activity of IFNs on human cells more than 100-fold 


[24,41.89,92] 


30 


Leu 


The [Ala 30, 32, 33]IFNa2 analogue was an antagonist of the parent protein on 
bovine cells, but not on human cells 


[39] 


30 


Leu 


Single residue replacement in that position of IFNa2 produced an apparent drop in 
antiviral activity on human cells, in comparison with relatively stability of antiviral 
effect on bovine cells 


[24] 


30 


Leu 


Replacemement of Leu of human IFNa2 with lie gave the relative activity on human 
cells of 30% 


[93] 


30 


Leu 


Replacemement of Leu of human IFNq2 with Asa gave the relative activity on 
human cells of 0.30% 


[93] 


30 


Leu 


Site-direct mutagenesis of Leu 30, Asp 32, and Arg 33 with Ala, Ala and Ala 
respectively produced inactive analogues on human cells in antiviral activity 


[93] 



66 

Table I. com. 



10 


I pi) 


RpciHiiPC 1 p>i in Art* 11 anH Php 1ft hiv^ lv*pn iHpnflfi^d in K»» rniriil fnr hinlntrifil 

rxciiuuci ixu ju, rvig jj, aiiu me ju iu»c uccn jucnuneu 10 DC tniciiii jur uioiugiLj.1 


loyj 






nrtSvirv nf IP^Jrv 4 




30 


t en 

L.CU 


Trip <idp rhiin of I_pu 10 nmtnides inward fmm thp I nnn AR rpotnn Thp m?p nf fh?< 
■ lie siuc niiiiii ui Ltu j\j jjiuuuuti iiiwaiu iium uic LUUu no rcgiun. l lie luic Ui uiis 








rpsidtip annpnix tn hp a «nncpr hplwppn I_oon AR and Hpli* P 




30 


1 ph 

LCU 


A rlntfpr nf hvdrnnhnhir rpcidnpc nf IFMnR I pit Q 1ft I »i* 17 T <»ti in Pha 1 <7 
/\ wumci ui iij uiupiiuuiv icaiuuci ui iniuoi lcu 7, tic lO, Leu I / , LCU JU, rue I JZ, 


1171 






T pii 1 *\4 tip 1 Sft nrp nrpdtftpd to hp invn! vpH in ihp hindmo tr» tVi» «r*nrAr fcit«* 1\ 

1«CU U"r» IIC 1 JU, OIC piCUlLlCU IU Uv 1I1VUJVCU III UIC UlJlUlilg lO lliC iCVCpiOl ^SllC I) 




1f\ A 1 
Jlr- 41 




mAbs recognizing that structure inhibited the binding of IFNq2c on human and bovine cells. 


ro 4i 
[ D 4J 






whi?P mAhc fn thp cnrrp^nrindtno rptrinn nf IT-M/vl Itrt^H tht« ohilirv 




jv— *+vi 




ii seems uic icgiun wucrc ir ncii <mu imix£ nave similar immunodominant epitopes 




10-1 S 




irnmunwuininjju epitope oi neutralizing m/\D in itingzc 


[y4, yj, yoj 


30-38 




Immunodominant epitope of neutralizing mAb in IFNal 


[94,95.96] 


30-67 




That fragment of IFNq2 and IFNqI showed distincted antigenic properties by 


[125] 






Ut ULJ UUiUllUli UlUooSJjr 




j i 


Lys 


Ci'noU Mn1i/*»mAnt nf K.f»f 11 eltf«ifi»*inf lvr />nnf rthittpH In crs^u*ifi/* i/»tl»»ltu nC 

oingic icpiaceiucni oi iviei ji sigiuncanuy cuninuuicu io iow specinc ucuviiy oi 


Mil 






inxc* i 




-it 
j i 


Lys 


Ligdiiu uLMng ui a ivyurupnuuic rcsiuuc ui ute posiiion Li onti naving rvici ji insieaa 


rifii 






nf 1 vt ^rnmmnn citnifinn in ill thp hnmin inrl murine lFMc\ nmHiir^c in iniriir^ 

ui i-ys ^LUiiuuuii auuaiiuu in tin uic uuiiiuji ui iu iiiuiiuc in>5^ pruuuecs an iiucu>e 








LUiiipjcA wiin uovinc J max i/inunnc iijidix 




31 


I vs 


Klpt 1 1 in hnmin IPNol ic nnf nrpcpnt in TFMc htvina nnfirrtil ortivitv nn humin 
i>ici in nullum imui i) nui pititiu in irnj Having upuiiui tiLiiviiy on IIUitiJjI 

ppITc 


r4^i 
I^jj 


j l 


1 ve 

Lys 


CCH5 

li is proposed io oe enucai lorme Dinoing oi do. in mis position itinqz is loemicai 


1771 

[77] 






tn IPN/? hitt Hiffprc frnm TFNr^l In n 1D mnrlpl nf tvrv» f IPM ihpr^ <im thrp/* 1 vc 1 1 
iu irn^, uui umcii jiuiii iniu i. in a ju muuci ui ijpc 1 ini mere uic uiicc Lys ji, 








Lys ijz, ano Lys i spauauy ciose eacn omer. pa pn / me oinuing oi nrAD do to 








jriNcci is auruguicu uuc iu cuniuirnauunai cnungc ui mis Clusters 




j i 


I vc 

Lys 


3iic~vJiiCLi rnuujgcncsis ui Lys ji ui iiuniaii in^ct** vviui kjiu prouueeu on analogue wiltj 


ro7i 






anuvirai aciivny on numan t ana oovine ceus 01 10/0, ana /z/o respectively 




ii 
ji 


Lys 


a cluster 01 positively cnargea restaues, nis /, Arg iz, Arg i Arg zz, Arg zj, Lys 


ri7t 
[37J 






11 Any 11 Hk Id I v« 4ft I vt Sf) Ara 14^ Aro ISO 1 vc Iftfl Ue IM I vc lftS 

j i f /Mg J^i nis Lys ho, Lys ju, Aig Mig i ju, Lys iuu ( Lys ioj, Lys IOJ 








arc prcuicicu in iri^uo iu lurm a Lonunuous sunace oi posmve ciecuxisiaiic 








rv^tpntisf rnmnl/rnpnttru f/\ nf»cr*it iff» nnfPnti^l r>T rM'Antnr rtM^lo<^«ilA 

puiciiiiai LUJiipiciiicjiiaiy iu licgiuive puicniiui oi icccpiur mojecuie 




j l 


Lys 


Lys ji nas preoiciea io oe contact resioue at uic interlace region oi me iriNQo ana 








thp IFMrv rprpnfor ctthtinit nU) 




31 


Lvs 
Lys 


Thp Tfiht S ^Ipr 97 Kfpf 11 1 Pll ftfll lFNr>7 nmlncnip rnnt^inino fnur n>«iHupe nf 
iiit |vjiu j f Jti *• t % I'ici ji, lcu vAyj irnuz cuittiuguc cuiuaiiiuig iuui icsiuucs ui 








IFNft 1 which dn not occur in those msitinns in nnv nthpr TFMrv «nhtvnp« hirt 








antiviral notencv close to that nf IFNo-l 

ttliUvUlU LA/iVllw W1U«W IV/ Ul4l| UI 11 *™U1 




31 


Lys 


Endo proteinase Lys-C showed a rapid cleavage at that site 


1271 


31 


Lvs 


Site-direct mutagenesis of Lys 31 and Arg 33 of human JFNq4 with Glu and Glu 


1921 






resnectivelv produced an analnpue with antiviral artivitv on humm and hnvinp rpllc nf 








<0.003%, and <0.001%. 




31 


Lys 


According to the Mu-IFN/3 structure the side chain of Thr 11 on 1 nnr> AR is exnospd 


T421 


31-38 




That sepment in IFNft2 preatlv infiupnees that antiviral nrtivitv 


1241 


31-51 




Highly hydrophillic segment of human type I IFNs 


1971 






f**on«prvpd rpsidup in ihp IPMn- snhtvnpc IK-M R ind IPMfij 




32 


Asp 


Bovine ifnarl/bovine ifnar2 Droduces an inactive comnlex with a Heand carrvinp 


f381 






incomoatible substitucnt at that position 

IliWUIIILAiilUlW dliiyjlilUWIlk **1 UIU1 IA/4IUUII 




32 


Asp 


Substitution of that conserved residue onlv sliehtlv decreased the activitv of IFNo4 


1241 


32 


Asp 


Rcplacemement of Asp of human lFNa2 with: 


[93] 






• Ala gave the relative activity on human cells of 2009b. 








• Asn gave the relative activity on human cells of 40%. 




32 


Asp 


The [Ala 30, 32, 33]IFNq2 analogue was an antagonist of the parent protein on 


[39] 






bovine cells, but not on human cells 




32 


Asp 


Site-direct mutagenesis of Leu 30 and Asp 32, and Arg 33 with Ala, Ala and Ala 


[93] 






respectively produced inactive analogues on human bovine and murine cells in 








antiviral activity 




33 


Arg 


Conserved residue in the IFNq subtypes, IFN/?, and IFNu> 
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33 


Arg 


Replacemement of Arg of human IFNa2 with: 


(93] 






• Ala gave the relative activity on human cells of 0.04% 








• Lys gave the relative activity on human cells of 0.2% 








• Met gave the relative activity on human cells of <0.001% 




33 


Arg 


Site-direct mutagenesis of Leu 30, Asp 32, and Arg 33 with Ala, Ala and Ala 


[93] 






respectively produced an inactive analogue on human cells in antiviral activity 




33 


Arg 


Bovine ifnarl/bovine ifnar2 produces an inactive complex with a ligand carrying 


[38] 






incompatible substiruent at that position 




33 


Arg 


Site-direct mutagenesis of Arg 33 of human IFNq4 with: 


192] 






• Lys produced an analogue with antiviral activity on human and bovine cells of 








<0.1%.5%: 








• Glu produced an analogue with antiviral activity on human and bovine cells of 








<0.1%,and <0.05% 




33 


Arg 


Site-direct mutagenesis of Lys 3 1 and Arg 33 of human IFNa4 with Glu and Glu 


192] 






respectively produced analogues with antiviral activity on human and bovine cells of 








<0.003%, and <0.001%. 




33 


Arg 


Residues Leu 30, Arg 33, and Phe 36 have been identified to be crucial for biological 


189] 






activity of IFNq4 




33 


Arg 


Arg 33 is particularly sensitive to substitution and is highly conserved in IFNq, u>, 
and t 


[98,99] 


33 


Arg 


IFNq2 and 1FNq4 differ in the epitopic presentation of residues of Loop AB around 


[76) 






that position 




33 


Arg 


That residue is necessary for the activity of IFNs on human cells 


[92] 


33 


Arg 


Site-direct mutagenesis showed that the substitution in that position is critical, since 


[24.41,89,92] 






reduced antiviral activity and antiproliferative activity of IFNs on human cells is more 








than 100-fold 




33 


Arg 


The [Ala 30, 32, 33]IFNa2 analogue was an antagonist of the parent protein on 


[39] 






bovine cells, but not on human cells 




33 


Arg 


Site-direct mutagenesis of Arg 33 of human IFNq2c with His produced an analogue 


[431 






with antiviral activity on human, bovine cells of 2400%, and 206% 




33 


Arg 


Site-direct mutagenesis of Arg 22 and Arg 33 of human IFNq2c with Lys and His 


[88] 






respectively produced an analogue with antiviral activity on human and bovine cells of 








2000%, and 124% 




33 


Arg 


It is supposed that Arg 33 is in direct contact with the IFN receptor molecule 


[42] 


33 


Arg 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 


[37] 






31, Arg 33, His 34, Lys 46, Lys 50, Arg 145, Arg 150, Lys 160, Lys 163, Lys 165 








are predicted in IFN08 to form a continuous surface of positive electrostatic potential 








complementary to negative potential of receptor molecule 




33 


Arg 


The side-chain of Arg 33 in the IFNq 8 model is completely exposed to the solvent 


[37] 






and is buried in the complex IFNa8/p40 receptor 




33 


Arg 


In Mu-IFN/? the equivalent position is most probably Thr 31 and its side chain on 


[100] 






Loop AB appears to be completely exposed 




34 


His 


Single replacements in that position had only minor or insignificant effects on 


[24] 






antiviral activity of IFNq4 




34 


His 


The substitution in IFNq2c resulted in the local modification of the antigenic 


[101] 






structure, but did not influence the antigenic properties of the rest of the molecule 




34 


His 


The substitution in IFNq2c decreased the specific activity in human cell. The 


[43,88] 






residues at the positions 23 and 34 are predicted to be exposed and sterically 








accessible 
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I A 


Hie 

MIS 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 
31. Arg 33. His 34, Lys 46, Lys 50. Arg 145, Arg 150, Lys 160. Lys 163, Lys 165 
are predicted in IFNa8 to form a continuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 


[37] 


34-39 




That fragment, corresponding to 32-47 of IFN/?, is the epitope of neutralizing 
mAbs. named mAb-Al and mAb-A5 


[102] 


35 


Asp 


Single replacements in that position had only minor or insignificant effects on 
antiviral activity of IFNq4 


[241 


30 


rne 


Conserved residue in the IFNa subtypes, IFN/?, and IFNu; 




36 


Phe 


Single residue replacement in that position of IFNq2 produced an apparent drop in 
antiviral activity on human cell, in comparison with relative stability of antiviral 
effect on bovine cells 


[24] 


36 


Phe 


In the sequence 29-36, Phe 36 is the only conserved residue in human IFNq2, 
q4,q l,a8 ? IFNu/, murine IFNa. murine IFN/? 


[38] 


36 


Phe 


Site-direct mutagenesis showed that the substitution in that position is critical. 
Substitution in the indicated position reduced antiviral activity and antiproliferative 
activity of IFNs on human cells more than 100-fold 


[24.41.8' 


36 


Phe 


Residues Leu 30, Arg 33, and Phe 36 have been identified to be crucial for biological 
activity of IFNa4 


[89] 


36 


Phe 


The integrity of the chain encompassing that conserved residue appears to be 
extremely critical for the binding and bioactivity on human cells, but just critical on 
bovine cells 


[39] 


36 


Phe 


In homology to Mu-IFN/? model, the side chains of Phe 36. Leu 67, Phe 68, Trp 
141, and Val 143 form a hydrophobic core surrounding the side chain of Leu 131 


[42] 


A t 

JO— «♦! 




Immunodominant epitope of neutralizing mAb is located in that region, which was 
shown to be most probably involved in the binding to cellular receptor 


[94] 


37 


Gly 


Single replacements in that position had only minor or insignificant effects on 
antiviral activity of IFNa 4 


[24] 


J/ 


uiy 


Replacement of all five Gly residues of IFNa2 with chirai residues like Ala residues 
produced analogue [Ala 10, 37,45. 103, 105] IFNa2, which is indistiguishable 
from IhNa2 


[41] 


37-50 




That fragment of 1FNq4 is recognized by antisera 


[75, 103] 


JO 


rne 


inis postion aiiecis ine r\rw— i reactivity 


[24] 


•1Q 

JO 


rne 


Among residues in variable position it is one of the most critical for antiviral activity 

Ol lrNQZ 


[24] 


39 


Pro 


Conserved residue in the IFNa subtypes, IFN/?, and IFNu; 




39 


Pro 


The equivalent position of IFN/? was critical for eliciting the biological activity 


[104] 


Af\ 

4U 


uin 


A considerable reduction in antiviral activity was found after substitution of non- 
cunscrvco ivsiuucs in imuf anu ii*(nqz 


[24] 


40 


Gin 


Substitution of Glu of IFN/? in the aligned sequence led to very large drop in 
Dioacuviiy 


[25, 106] 


40-56 




Fragment of IFN/? recognized by antisera 


[102] 


41 


Glu 


Conserved residue in the IFNa subtypes. IFN/?, and IFNu? 




Hi 


UlU 


oiie-Girect mutagenesis 01 uiu hi ano uiu «*z 01 numan trwon witn Lys ana Lys 

respectively produced an analogue with antiviral activity on human, murine, and bovine cells of 

diet, fTsJ Fl \ *nA QlC7 n 

hi a?, ^m.l/.j, anu yzvo 


[92] 


41 


Glu 


Substitution of that conserved residue only slightly decreased the activity of IFNa4 


[104] 


41^3 




That fragment was important for the binding of neutralizing antibodies in IFN/?, in 
particular the conserved Pro 39 and Glu 41 


[102] 


42 


Glu 


Site-direct mutagenesis of Glu 41 and Glu 42 of human IFNa4 with Lys and Lys 
respectively produced an analogue with antiviral activity on human and bovine cells of 
47%, and 92% 


[92] 


42 


Glu 


A considerable reduction in antiviral activity was found after substitution of non- 
conserved residues in IFNa4 and IFNq2 


[24] 


42^4 




In human IFNa7c are Significant for binding with receptor on bovine and human 
cell 


[40] 
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42-49 




That fragment corresnondinf? to 40—47 of FFN/? i« the cnitorje of neutralizing 


11021 






mAH« nimrrl mAh-A 1 anrl mAh.A^ 




42-58 




That fragment corresnnndincr tn 40— Sfi of IFN/? i* the enitone of neutralizing 

iiioi n aijiiiviii, v_\jh luti lu *n^ju wl 11 lipi l» lilt vuilvvw tikuuautiiig 


11021 






mAbs, named mAb-A I and mAb-A5 




43 


Phe 


Conserved residue in the IFNo; subtvnes 




43 


Phe 


That residue of IFNa7c was significant for binding to receptor on bovine and human 
cells 


T401 


44 




Insertion of A^n 44 in TFNrv7 does not modifv the hiotocn'ral aetivirv 




44-45 




The GG motif of bovine IFNqs at those nositions seems interesting* the human 


T38I 






IFNrvc hive DTi nr fTM in the race nf lPMr*7 u/hirh hie n Helefion at 44 1 FN*rl and T 








hive PCS and Kfi The fift motif it nmcent in Irvine felin*» and murine IFNo-5 It i"i 








mccihle that the hiimm tw^ntnr nnnnl enrv* with ihe Hporn/* f\f fn*edrvm availaMe to 








a iigtUWJ naviiiij i"U Luiiicuuuvc iciiuuci wiuiuul cniraiuy in a "tciuiiivc ic^iuii 




45 


Glv 


Pinole replacement in that nnsifion hid onlv minor or intionifirmt effect* on 

>Jlll£ll> * VLJltl^fcl 115.1 11 111 Uiai |A/3IUw'l IU1U l/llljr liUltUJ UI 1IUI fcl llllt,alll MltrVld Uil 








anuvirui aciiviiy ui iriNtxi 




4S 




nepjacerncni sji an nvc wiy iesiuues di imcti wiui cninu resiuucs iik.c /\ia rcsiuucs 


1411 
|H1J 






nrrvlitrerl amlnoiie f All 10 *<i7 4^ li*l*t 10^1 TPTsJ/>7 vL-hirh ic inHicrioniehihte fmm 








IFNi>7 




HO 


Asn 


A (^lucfprnf rv^cJtiv^lv rhnrcr^r! rpcirfii^c Hie 7 Ara 17 A ro I*) Aro 77 Aro 7**1 T vt 


I J /J 






Tl Aro ^1 Mic 14 1 vc 4A T ve ^0 Aro 14^ Aro 1 Kc IfiO I vc lfV3 1 vc IrtS 
J If JJ, ni5 JH t JUjrS HU, L»jr 5 Jf f 1HJ, nfg UU, l*jr*» I UVf , l^jr& 1UJ, IUJ 








are preuicicu in lri^ivio 10 luim a coniuiuous sun ace oi posuivc ciciixusiaiii 








puLcniiJi t^uipicrncniaiy iu ncguuvc puiciiiiai ui rtxcpiui inuictuic 




H/ 


f!!n 
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r^nn«f*rvpH recirhie in the IPMrr enhfvr^»c 




AR 
HO 


rnc 


oingic rcpiaccmcni in uui pusiuun nau omy nunur or insigniiiLuni ciit*vL*> vn 








nnfiviral G<*tivitv nf PFN/TI7 
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HO 


Phe 


Renlaremempnt of Phe of human FFMor7 with* 


riosi 






» Qpr crave the relative antiviral artivitv on human murine and hovine fell of 

w iJCI tuV t UIC IClallYt, ailLlVliul avilVlljr Ull HUilUUI t IllUllllVr 1UIU LAJiiliw Vvll UI 








190% 100% and 40% 








• Xvr pavp thf* relative antiviral artivitv nn human mnrinf* and hovine rpll of 








140% 140% and 160% 








Cys gave the relative antiviral activity on human, murine and bovine cell of 








110% 110% and 420% 
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Oln 


Conserved residue in the IFNo subtypes, IFN/?, and IFNtv 




HJf 


Gin 


Rentaremement of Gin of human IFNft2 with His eave the relative antiviral activity 


11051 






on hitman murine and hovine cells of 120% 170% and S0% resnectivelv 




40 


Gin 


It wat without effect on the antiviral and antinroliferative activitv of IFNor2 


1241 




Lvs 


Conserved residue in the IFNo subtvnes IKM/?. and IFNtv 




50 


Lvs 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 


1371 






31 Are 33 His 34 Lvs 46 Lvs 50. Are 145 Are ISO. Lvs 160 Lvs 163 Lvs 165 








are predicted in IFNo;8 to form a continuous surface of positive electrostatic 








potential complementary to negative potential of receptor molecule 
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lie 


Conserved residue in the IFNo subtypes 




58 


His 


Conserved residue in the IFNa subtypes and IFNo; 




59 


GIu 


Conserved residue in the IFNa subtypes, IFN/?, and IFNo; 




60 


Met 


The [Glu 5, Ser 27, Met 31, Leu 60] IFNa2 analogue containing four residues of 


[41] 






IFNa 1 , which do not occur in those positions in any other IFNa subtypes, had 








ajitiviral potency, close to that of IFNa 1 




60 


Met 


Single mutation of each of Met 16, 21 , 60, 112, and 149 of IFNa2 with Leu residues, 


HI) 






and contemporary substitution of all Met residues with Leu residues produced 








analogues indistiguishable from unmodified IFNa2 




62 


Gin 


Conserved residue in the IFNa subtypes, IFN/?, and IFNw 
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62 Gin When the residue Glu, conserved in all ihe human, murine, and bovine IFNas and (1 05] 

human IFN/? is replaced by Lys antiviral activity remaned unchanged 

62- 122 This region of IFNa 2 is assumed to bind the bovine receptor [108] 

63 Gin Conserved residue in the IFNa subtypes and IFNu; 

63- 67 mAbs recognizing that region of IFNa 1 inhibited the binding to bovine and human [24] 

cells 

63-85 Second immunodominant epitope for IFNa 1 [94, 96] 

63-86 In IFNa2 this region is not silent from the view of activity on human cells. The [107] 

hybrid IFNa2/aI/a2 with only three residues specific for IFNa 1 in positions 69, 80, 
and 86 had 7-times decreased specific activity on human cells as compared to IFNa2 
63-78 Epitope of mAb neutralizing the antiviral and antiproliferative activity of IFNa2 [107] 

65 Phe Conserved residue in the IFNa subtypes, I FN/3, and IFNa; 

66 Asn Conserved residue in the IFNa subtypes 

67 Leu In homology to Mu-IFN/3 model , the side chains of Phe 36, Leu 67, Phe 68, Trp [42] 

141, and Val 143 form a hydrophobic core surrounding the side chain of Leu 131 

68 Phe Conserved residue in the IFNa subtypes, IFN/?, and IFNa; 

68 Phe In homology to Mu-IFN0 model , the side chains of Phe 36. Leu 67, Phe 68, Trp (42] 

141, and Val 143 form a hydrophobic core surrounding the side chain of Leu 131 

69 Ser Hybrid IFNa2/al/a2 with only three residues specific for IFNa 1 in positions 69, 80, [109] 

and 86 had 7-times decreased specific activity on human cells as compared to IFNa2 

69 Ser Replacement of Ser 69 of IFNa2 by Thr from IFNa I resulted in a relatively greater [ 1 ] 

decrease in NK-boosting potency than in antiviral or antiproliferative activity 
69-79 Highly hydrophillic segment of human type I IFNs [97] 

69-80 The corresponding synthetic fragment showed weak antiproliferative activity, but [109] 

potentiated the biological activity of IFNa 1 and IFNo2 

70 Thr Conserved residue in the IFNa subtypes and IFNu 

73 Ser Conserved residue in the IFNa subtypes, IFN/?, and IFNu; 

74 Ser Conserved residue in the IFNa subtypes, IFN/?, and IFNu; 

74 Ser Mutation in that position of IFNa2 resulted in a loss of antiviral activity on human [24] 

cells 

77 Trp Chemical modification of Trps of IFN0 equivalent to the positions 77 and 141 of the [ 1 04] 

IFNa2 aligned sequence causes dramatic loss of antiviral activity. 

77- 85 Epitope of mAb neutralizing the antiviral and antiproliferative activity of IFNa2 [107] 

78 Asp Negatively charged residue in that position (Asp 78, Glu 79, Asp 83, Glu 84, Glu 88, [37] 

Asp 90, Asp 95, and Glu 97) has been predicted in IFNa8 to form a continuous 
surface of positive electrostatic potential complementary to negative potential of 
receptor molecule 

78- 95 Differentia! sensitivites between IFNas and IFN/? may be associated with that region, [25] 

specifically at residues 84 (Lys in IFNa2, aligned position in IFN/? Asn), 86 (Tyr in 
IFNa2, aligned position in IFN/? Leu), 87 (Thr in IFNa2, alligned position in IFN/? 
Ala) 

79 Glu Negatively charged residue in that position (Asp 78, Glu 79, Asp 83, Glu 84, Glu 88, [37] 

Asp 90, Asp 95, and Glu 97) has been predicted in IFNa8 to form a continuous 
surface of positive electrostatic potential complementary to negative potential of 
receptor molecule 

80 Thr Hybrid IFNa2/a l/a2 with only three residues specific for IFNa 1 in positions 69, 80, [107] 

and 86 had 7*times decreased specific activity on human cells as compared to lFNa2 

8 1 Leu Conserved residue in the IFNa subtypes and IFNa; 

82 Leu Conserved residue in the IFNa subtypes and IFNu; 

83 Asp Negatively charged residue in that position (Asp 78, Glu 79, Asp 83, Glu 84, Glu 88, [37] 

Asp 90, Asp 95, and Glu 97) has been predicted in IFNa8 to form a continuous 
surface of positive electrostatic potential complementary to negative potential of 
receptor molecule 

84 Lys Negatively charged residue in that position (Asp 78, Glu 79, Asp 83, Glu 84, Glu 88, [37] 

Asp 90, Asp 95, and Glu 97) has been predicted in IFNa 8 to form a continuous 
surface of positive electrostatic potential complementary to negative potential of 
receptor molecule 
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o4 


f at* 

Lys 


1FNq8 contains acidic residues at positions 84 and 90, while other IFNq subtypes do 
not. Those residues are responsible for the anomalous migration in SDS-PAGE 


[110] 


84 


Lys 


The doubled mutation Lys 84 to GIu and Tyr 90 to Asp abolished the activity of the 
nyono irNlQ8(l-oO), Ql(oi-yi), Qo(y3-ioo)j on ordinary mouse cells but not on 
mouse cell expressing human ifnarl 


[91] 


84 


Lys 


Hybrid IFN[q8(I-60), al(6l-92), q8(93-166)] showed partial activity on murine 
cells. Point mutations that change the individual of those of IFNq8 (i.e. Lys 84 to 
Glu, Cys 86 to Tyr, Thr 87 to He and Tyr 90 to Asp) produced marked losses of 
activity on mouse cells 


PI. 

iin 
HI] 


OA 

84 


Lys 


Hybnd lrN[Q8(l-60), a 1(01-92), ao(93-loo)J with Lys 84 and a point mutation 
Tyr 90 to Asp turned out to be the fastest IFNq in the dynamics of the complex 
formation with IFNq receptor 


[48] 


84 


Lys 


Hybrid IFN[q8( 1-60), Q 1(61-92), q.S(93-I66)] with Tyr90-Lys 

84, which are the couple of human 1FNq2, was slower in the dynamics of the 

complex formation with IFNq receptor 


[48] 


84 


Lys 


Hybrid IFN[q8(1-60), q 1(61-92), a8(93-I66)] with Asp 90-GIu 

84, which are the couple of human IFNq8, was slower in the dynamics of the 

complex formation with IFNq receptor 


[48] 


84 


Lys 


Hybnd IFN[a8( I -60), Q 1(61-92), q8(93-166)] with a point mutation Tyr 90- Glu 84 
was very slow in the dynamics of the complex formation with IFNq receptor 


[48] 


O A 

84 


Lys 


Different sensitivities between IFNq s and IFN/? may be associated to the residues 
84 (Lys in IFNq2, Asn in the aligned position of IFN/?), 86 (Tyr in IFNq2, Leu in 
IFN/?), 87 (Thr in IFNQ2,Ala in IFN/? Ala) 


[25] 


86 


Tyr 


Hybrid IFN[q 8(1 -60), q 1(61-92), q8(93-166)] showed partial activity on murine 
cells. Point mutations that change the individual of those of IFNq8 (i.e. Lys 84 to 
Glu, Cys 86 to Tyr, Thr 87 to He and Tyr 90 to Asp) produced marked losses of 
activity on mouse cells 


[91, HI] 


86 


Tyr 


Hybrid IFNq2/q 1/q2 with only three residues specific for IFNq 1 in positions 69, 80. 
and 86 had 7-times decreased specific activity on human cells as compared to IFNq2 


[107] 


oO 


nr..- 

Tyr 


Site-direct mutagenesis of Ser 86 of human IFNq4 with Cys from IFNq 1 sequence 
produced analogue with antiviral activity on human, murine, and bovine cells of 
91%, 1367%, and 125% 


TA 11 

[44] 


00 


Tyr 


Site-direct mutagenesis of Ser 86 and Arg 121 of human IFNq4 with Cys and Lys 
from IFNq I sequence produced analogue with antiviral activity on human, murine, 
and bovine cells of 395%, 4667%, and 1 167c 


T A A\ 

[44] 


86 


TVr 


Different sensitivities between IFNas and IFN/? may be associated with the residues 
84 (Lys in IFNq 2, Asn in the alligned position of IrN/J), 86 (Tyr in IFNQ2, Leu in 
IFN/?). 87 (Thr in IFNq2 Ala in IFN/? Ala) 


[251 


86 


TVr 


The anologue of IFNq 1 with the substitution of Cys 1 , 86, and 99 with Ser residues 
retained 23% of biological activity in human cells, but the activity was not affected 
on bovine cells 


[119] 


87 


Thr 


Hybrid IFN(q8( 1-60), a 1(61-92), q8(93-166)] showed partial activity on murine cells. 
Point mutations that change the individual of those of IFN(8 (i.e. Lys 84 to Glu, Cys 
86 to Tyr, Thr 87 to lie and Tyr 90 to Asp) produced marked losses of activity on 
mouse cells 


[91.111] 


87 


Thr 


Different sensitivities between IFNqs and IFN/? may be associated to the residues 
84 (Lys in IFNq2, Asn in the aligned position of IFN/?), 86 (Tyr in IFNq2, Leu in 
IFN/?), 87 (Thr in IFNq2 .Ala in IFN/? Ala) 


[25] 


88 


GIu 


Conserved residue in the IFNq subtypes and IFNu; 




88 


Glu 


Negatively charged residue in that position (Asp 78, Glu 79, Asp 83, Glu 84, Glu 88, 
Asp 90, Asp 95, and Glu 97) has been predicted in IFNq8 to form a continuous 
surface of positive electrostatic potential complementary to negative potential of 
receptor molecule 


[37] 
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yu 


lyr 


UukfiH I tTM r « O / 1 _/Lf\"\ stlfAl 0*7 A — Q/Q'J_ 1 A/V\l chnti'(>H mrtiil irtivltv rtn murine 

riyDiiu iriN^cko^i^vu^t QiioJ ao^J" i oojj snuvscu poniai uLiivuy on murine 
cells. Point mutations that change the individual of those of IFNo8 (i.e. Lys 84 to 
GIu, Cys 86 to Tyr, Thr 87 to lie and Tyr 90 to Asp) produced marked losses of 
activity on mouse ecus 


(01 

Ill] 


90 


Tyr 


The doubled mutation Lys 84 to GIu and 1>r 90 to Asp abolished the activity of 
hybrid IFN[q8( 1 -60), a 1(61-92), a 8(93-166)1 on ordinary mouse cells but not on 
mouse ceil expressing numan iinari 


[91J 


90 


Tyr 


1PNq8 contains acidic residues at positions 84 and 90, while other IFNa subtypes do 
not. inose resiaues are responsiuie tor tne anomalous migrauon in oLO-rAuc 


[HO] 


90 


Tyr 


Hybrid IFN[q 8(1 -60), a 1(61-92), a 8(93-166)) wiih a point mutation Tyr 90 to Asp 
and with the couple Asp9Q/Lys 84 turned out to be the fastest IFNa in the dynamics 
of the complex formation with IFNq receptor 


[48] 


90 


Tyr 


Hybrid IFN[q8(1-60), q1(61-92), o8(93-166)J with Tyr90-Lys 84, which are the 
couple of human IFNa2, was slower in the dynamics of the complex formation with 
IFNq receptor 


[48] 


yo 


Tyr 


Hybna IrN[Q5(i--oCJ), Ql(ol-y2), ao(9J-Ioo)J with Aspyu-Glu 84 was slower in 
the dynamics of the complex formation with IFNq receptor 


[481 


90 


Tyr 


Hybrid IFN[q8(1-60), a 1(61-92), q8(93-16o)J with Tyr90-GIu 84, which are the 
couple of human IFNq8, is very slow in the dynamics of the complex formation with 
IFNq receptor 


[48] 


90 


Tyr 


Negatively charged residue in that position (Asp 78, GIu 79, Asp 83, GIu 84, GIu 88, 
Asp 90, Asp 95, and GIu 97) has been predicted in IFNa8 to form a continuous 
surface of positive electrostatic potential complementary to negative potential of 
receptor molecule 


[37] 


91 


Gin 


Conserved residue in the IFNq subtypes and IFNw 




92 


Gin 


Conserved residue in the IFNq subtypes, IFN/7, and IFNa; 




94 


Asn 


Conserved residue in the IFNq subtypes and IFN/3 






Aon 


fNegaiiveiy cnargea resiaue in inai position lASp /o, oiu /y v Asp isj, oiu 84, oiu os, 
Asp 90, Asp 95, and GIu 97) has been predicted in IFNq 8 to form a continuous 
surface of positive electrostatic potential complementary to negative potential of 
receptor molecule 


fin 
[37] 


97 


GIu 


Conserved residue in the IFNq subtypes and IFN/3 




Q7 




iNegativeiy cnargea resiaue in mat position (Asp /o, oiu /y, Asp oj, oiu o4, oiu oo. 
Asp 90, Asp 95, and GIu 97) has been predicted in IFNq 8 to form a continuous 
sunuLc u* pudiuvc ctcvuusiduvr puicnudi corupicrncnuuy 10 negauve poienuai oi 
receptor molecule 


(HI 

[37] 


QO_ 1 1/4 




ouosuiuiion oi uiai segmeni or lriNaz wiui inai compieieiy unrciaieu oi ifisy oiu not 
have effect on the antiviral activity 


fAt 1 


OQ 

yy 


Lys 


ine anoiogue oi iriNQi wnn me suDSiiiunon oi uys 1, oo, ano yy wiui oer resiaues 
retained 23% of biological activity in human cells, but the activity was not afTected 
on bovine cells 


f 1 IOI 


IUU 


vai 


ine nyDna [Met iw, uiu iuz, oiu iuj, Arg 1U4, oiy 1U0, Asn 1 iz, Ala 1 13J lrr4Q2 
analogue showed biological activity indistinguishable from the parent protein 


f A t 1 

[41] 


102 


Gin 


Conserved residue in the IFNq subtypes and IFNa; 




102-110 




This segment could be deleted in IFNq2 without abolishing the bioaclivity 


[114] 


102-111 




Deleted IFNq2 analogue maintained antiviral activity with only little effect on mAb- 
NK-2 reactivity 


[41] 


103 


Gly 


Replacement of all five Gly residues of IFNq2 with chiral residues like Ala residues 
produced analogue [Ala 10, 37, 45, 103, 105] IFNq2, which is indisuguishable 
from IFNq2 


[41] 


105 


Gly 


Replacement of all five Gly residues of IFNq2 with chiral residues like Ala residues 
produced analogue {Ala 10, 37, 45, 103, 1051 EFNq2, which is indisdguishable 
from IFNq 2 


[41] 
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106 


Thr 


Natural IFNc*2 resulted to be glycosylated at that position 




1 1 1 


Leu 


fVinsprvpd r^sidii^ in thf* iHJ^J/v cnhtvfw 

VAJiDei VtU IC&iUUC 111 UlC ll liCl SUUlj JA-S 




1 1 X 


Met 


f*V»nc^rvi*d r^cidit^ in fh^ IPN/v cithtvnf»c 




1 12 
I IX 


Met 


Sinele mutation of each of Met 16 21 60 112 and 149 of IFNq2 with Leu residues. 


[411 

IT* * J 






and contemporary substitution of all Met residues with Leu residues produced 








analogues indistiguishable from unmodified IFNq2 




I 19-191 

1 J £.— 1 X I 




fhtt pnJtnrv* nf mAh-NK- 9 ic within thit fraampnt 
1 11c cjjuuue ui iimtrii *v a ij wiuihi uiui iiuk^iiitui 


ni3i 


1 IX— l*K) 




fmmiiruvlnniinanf *»nitrirv» nf npnml!7in(j mAh ic Irwif^H in that rpoiAn u.'hirn pmiin 
iniMiuiiuuuuiinam cuuuuc ui ncuuaji£ui5 uirvu is luvmeu 111 ui<u legiuu, wiuvii tuuiu 








tv» n»<nnncihl(* fnr indurinw antiviral and nntinm1if<*rotivf* nctivifv 
La^ ICSJAJllblUlC 1UI lliuuiing allllYlial diiu ai IIIUIUIUCI all vt amviijr 




1 11 
1 U 


I vc 


*Iithsfffiitinn nf 1 vc 111 and filn 1 1 4 nf TFNf>9 u/ith Acn and Ala fmm TPNrt 1 fomids 
ouumiiuuuii ui i— * y i u «uiu vjiu i i*tui iniu* wmt r\»n aiiu t\i& num irnui lutuiua 


f4U 






t K /» r*»lfMirtr» %1/ifh mAt\_KJVf 9 




1 I j 


Lys 


Aiuuuguc ui imcixi \Micrc /\sn 1 tj, vai i ih, anu i»ys ixi were icuiiivcu uy uiu»c ui 








IFMi>9 1 vc in filv 1 14 and All 191 wic hniind hv while IFNn-9 1 did 
lriNuz, L«ys 1 U, VJiy 1 !*♦, uiiu ni<i i^i, wus uuuiiu uy lu/vu-PiiV - x, vsiuie irnuii uiu 




111 MQ 




m/\D, ucsigneu 4rz, ruiscu against irrvuwuns, rcvognizcu uui rcgiun diiu ncuuaiix.cu 


f851 






uie anuvinu acuviiy 01 iriNQCons, iriNux, ana irrsui 




1 14 


r:in 

will 


T~h*» cnhvin'int nf FPMrv A. an* ant io^n?r*i11v Hicllnrt in this **nifrtrv» Kwvitic^ nf fhp 

mc suovdJiorii ui iriiat are anugciiivuiiy uiMimi in una epnupc uev-aubc ui uic 


f241 






substitution Glu(4a) to Val(4b) 




114 


Glu 


Critical residue of IFNa2 for the epitope of mAb» named LI-I, are localized at 


[114] 






nncirinn 114*»nd 1*71 MAK.I t_t nptitr-ili-TA nlcn tPMr>9 rPTsIotft rFMn6 IPMrv7 
puaiiiuii l i*r (inu 1x1. ii l r\ u< I ~ i iieuuuii£C aisu ln^cii, irnu iu, lrixuuy irnu t , 








Kut nnf I FMrt 1 ri and 1FMo9 1 IPMrv t D anH rPTsJn-9 1 hiv<» it mc!l !nn I 1 4 anH 191 Vnl 
uui nut l tin ci i u diiu iniuAii iniuiu<uiu irjiu&i nave ai uusiuuii iifaitu ixi vai 








ana L.ys t respeciiveiy 




1 14 


VJIU 


dihctittifinn nf 1 vc 11^ anrl ftlit 1 14 nf rPW/>9 with Acn anH Alt fmm TFTsJn 1 fnrHIHc 
ouuMiiuuun ui i-<y i» 1 1 j «tnu vjiu i ihui iPiiux wiui/\mi <u iu am iiuiii iniui iuiuius 


T4I 1 131 






♦Via mnrtinn with m AK-NK"— 9 
uie leuciiun wiui mrvu~i^irv — x 




1 14 


Glu 


Annlnmte nf TPMr>9 1 wh^re Acn IH Va.1 114 and 1 vs. 121 were renlaced hv those of 


11131 






TFMn-9 Ive IH Civ 114 and Ala 191 wic hnnnrl hv mAh.NK-7 u/Vii1<» TFMn91 did 
iriiuA, i-ya i l j, VJiy i it, aim e\ia ixi» wu> uuuuu uy i n/\u*i i iv— x, wniic iriNuxi uiu 






Asp 


f^nnc^n/^d n*c?dne in the IKPJn* ctihtvnpc 




1 17 


Ut- 
ile 


PnncpfVA^ r#»ciditA in th#» IF^Jnr cnhfvn^c 
v*unscivcu rciiuuc in uie iri^iu suuiyuo 




118 


Leu 


Conserved residue in the IFNot subtypes, I FN/?, and IFNu 




1 18-131 




Simultaneous substitutions of the nosittons 1 18 123 126 127 130 131 of 0^02 


[411 






and of IFN 3 bv Alas oroduced an inactive analogue 




! 10 
i ly 


Ala 


Fnr Nf£— 9 pnitnne this nnsition ic eritiral 

rUI 1^ i\ A CUHUUC Ull> UU91UU11 IS H1UV-OJ 


T411 


120 


Val 


Consen/ed residue in the IFNq subtvnes 








The segment is comnrised of two clusters of conserved hvdrorjhillic residues Both ' 


[115 1161 

1.1 1 J, I IUJ 






ennvertrent helices stahiliT/* the conformation of lhp hvdronhilic FiP loon 

L Uil V Cl £J till llwllWvd SldvlillA Uib WlllUllllullV/ll UI U1W 1 Ijr UI vj^illl J IL. 1/U ILAJ^J 




120-145 




It contains the localization of the most conserved hydrophillic zone 


1241 


121 


Aro 
/\ig 


ForNK— 9 enitone this nositton is critical 

1 \Ji 1 1 i\ A ^LJliwLA^ U1J9 LVjiUvll Ij V11L1VOJ 


141 1131 




Arg 


^Iitp-din*ct mutnoenesis of Aro 171 and I vs 199 of human IFNo-d with I^etiand I «>ti 
«jiic~uncwi iiiuia^euesio ui «iig ixi aiiu Lgrs ixx ui iiuiiiaii iniut wiui lvu anu lcu 


fQ21 






n?snectivelv nnrvJuced an analogue with antiviral activitv on human and bovine cells of 

Iwdl^LlI 1 VIT UlvUULWU All lUullv&UW WJUJ ullklfllCU ClwUvJIT 1/11 1 1 UI 1M2J 1 i4i 1U ltA/*lliV' VVil^ Ui 








8% and 29% 




121 


An? 


^ite-direct mutagenesis of Arp 171and I vs 122 of human TFMo4 with filn and filn 

kJlLw^Jll bVI 1 1 111 tOk^vl ivJlJ \Ji rUK 1 *» 1 <U IU LJa 16* wl 1 1UII KU41 11 PUT W Jul UIU Oi 1U VJIU 


T441 






respectively produced an analogue with antiviral activity on human and bovine cells of 








0.2% and 0.054% 




121 


Arg 


Site-direct mutagenesis of Ser 86 and Arg 121 of human IFNq4 with Cys and Lys of 


[44] 






IFNqI respectively produced an analogue with antiviral activity on human, murine, 








and bovine cells of 395%, 4667%, and 1 16% 




121 


Arg 


Site-direct mutagenesis of Arg 121, Lys 122, and Tyr 123 of human IFNq4 with Glu, 


[44] 






Glu, and Ala respectively produced an analogue with antiviral activity on human and 








bovine cells of 0.059% and 0.021% 




121 


Arg 


Analogue of IFNq21 where Asn 11 3, Val 1 14, and Lys 121 were replaced by those of 


[113] 






IFNq2, Lys 1 13, Gly 1 14, and Ala 121, was bound by mAb-NK-2, while the parent 








protein was not 
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12! Arg Critical residues of IFNa2 for the epitope of mAb, named LI- 1, are localized at [114] 

position 1 !4 and 121. MAb-Ll-1 neutralize also IFNqIO. IFNa6, IFNa7, 
but not IFNa ID and IFNq21. IFNalD and IFNa2l have at position I14and 121 
Val and Lys, respectively 

121 Arg Analogue of JFNa21 where Asn 1 13, Val 1 14, and Lys 121 were replaced by those of [113) 

IFNa2, Lys 1 13,Gly 1 14, and Ala 121, was bound by mAb-NK-2, while IFNq21 did 
not 

121 Arg Site-direct mutagenesis of Arg 121 of human IFNa4 wid; Lys produced an analogue [44] 

with antiviral activity on human, murine, and bovine cells of 2407©, 2034%, and 
115% 

121 Arg Site-direct mutagenesis of Ser 86 and Arg 121 of human IFNq4 with Cys and Lys [44] 

respectively produced an analogue with antiviral activity on human, murine, and 

bovine cells of 395%. 4667%?, and 116% 
121 Arg Point mutation at that position alters the activity of IFNa 2 on murine cells [45] 

121 Arg Site-direct mutagenesis of Arg 12 1 of human IFNo2 with Lys produced an analogue [45] 

with antiviral activity on human, murine, and bovine cells of 120%, 1700%, and 

90% 

121 Arg Site-direct mutagenesis of Arg 121, Gin 125 of human IFNq2 with Lys and Arg [45] 

respectively produced an analogue with antiviral activity on human, murine, and 

bovine cells of 130%, 40400%, and 150% 
121 Arg Site-direct mutagenesis of Arg 1 2 1 , Gin 125, and Lys 1 32 of human IFNq2 with [45] 

Lys, Arg and Thr respectively produced an analogue with antiviral activity on human, 

murine, and bovine cells of 150%, 16900%, and 130% 
121 Arg The positions 121, 125, 128, and 132 on the D helix are exposed to the solvent and [27, 42] 

are symmetric about a straight line with angular deviations of 10 and 30° 
1 2 1 Arg Site-direct mutagenesis of Lys 1 2 1 and Lys 1 22 of human IFNa I with Leu and Leu [46] 

respectively produced an analogue with antiviral activity on human and bovine cells 

of 3% and 75% 

121 Arg Site-direct mutagenesis of Lys 121 and Lys 122 of human IFNa 1 with Leu and Leu [92] 

respectively produced an analogue with antiviral activity on human and bovine cells 
of 3% and 75% 

121 Arg Residue on Helix D that is equally important for both human and murine receptor [42] 

interaction 

12 1-123 Large changes of activity of humans IFNqs are due to that fragment [44, 92] 

1 2 1-1 45 Highly hydrophillic segment of human type I IFNs [97] 

122 Lys Conserved residue in the IFNa subtypes 

122 Lys Site-direct mutagenesis of Arg 121 and Lys 122 of human IFNa4 with Glu and Glu [44] 

respectively produced an analogue with antiviral activity on human and bovine cells of 
0.2% and 0.054% 

122 Lys Site-direct mutagenesis of Lys 12 1 and Lys 122 of human rFNa 1 with Leu and Leu [46] 

respectively produced an analogue with antiviral activity on human and bovine cells 
of 3% and 75% 

122 Lys Site-direct mutagenesis of Arg 121 and Lys 122 of human IFNa4 with Leu and Leu [92] 

respectively produced an analogue with antiviral activity on human and bovine cells of 
8% and 29% 

122 Lys Site-direct mutagenesis of Arg 121, Lys 122, and Tyr 123 of human lFNa4 with Glu, [44] 

Glu, and Ala respectively produced an analogue with antiviral activity on human and 
bovine cells of 0.059% and 0.0217c 

1 23 Tyr Site-direct mutagenesis of Tyr 1 23 of human IFNa 1 with Gly produced an analogue [46] 

with antiviral activity on human, murine, and bovine cells of <0.2%, 1 10%, and 
62% 
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123 


Tyr 


Replacememem of Tyr of human IFNoI wiih: 

• Phe gave the relative activity on human, murine and bovine cells of 62%, 48%, 
and 104% 

• Trp gave the relative activity on human, murine and bovine cells of 38%, 18%, 
nnd 129% 

• Lys gave the relative activity on human, murine and bovine cells of 2.5%, 5%, 
and QS% 

• Asp gave the relative activity on human, murine and bovine cells of 3.5%, 24%, 

and ^fV& 

iU 111 JU tO 

• Ser gave the relative activity on human, murine and bovine cells of 1 1%, 2.5%, 

and 141% 
tUIU Itl to 

• Ala gave the relative activity on human, murine and bovine cells of 83%, 3.4%, 
ana i tz/o 


147] 


123 


Tyr 


Deletion of Tyr of human IFNal gave the relative activity on human, murine and 
bovine cell of 1.2%, <0.8% and 1.4% 


[47J 




Tvr 

iyr 


oiie-uircLi uiuiugcncsis ui iyr iaj ui iiuiiiaii irrHcxH wiui ocr prouuccu an analogue 
with antiviral activity on human, and bovine cells of 8% and 30% 


I**] 


123 


TVr 


Site-direct mutagenesis of Tyr 123 of human IFNq 1 with Ser produced an analogue 
with antiviral activity on human and bovine cells of 1 1% and 14t% 


[92] 


123 


iyr 


Permissive change at 123 and its position suggest an importance in maintaining the 
conformation of the D helix relative to the rest of the molecule 


[42, 100] 


123 


Tvr 


Site-direct mutagenesis of Arc 121 Lvs 122 and Tvr 121 of human FFNr>4 with filu 

liiuiagi-i i^aia wi nig k*j a iM ( uiiu ijri l*J Ui llUJlluil iriit»*T Willi \Jlu, 

Glu, and Ala respectively produced an analogue with antiviral activity on human and 
hovine cells of 0 0^0% and f) 07 1% 

IWllllC \.&1Jj Ui U.VJ7 /P C1J1U U.V<bl /V 


T441 


123 


Tyr 


Deletion (but not substitution even by small hydrophillic residues) causes loss of both 

rtrtivifv and hindinp of human 1 hNr> 1 on Knvine cells If the helir ic miinraineH 

UlLiYlLJT CUlu UitiUlllg Ui I1UI1UUI li 11LX1 UI1 LAJVII1C vtllj. 11 UJC 15 IlltlUlldillVU, U1C 

deletion changes the identity of the position 125. 128, 132 


[47] 


123 


Tvr 
iyr 


Tn the Mil-IFN/? model the side rhfitn nf Tvr rr»n"»»<rYinr1inc» at fhit rv^ci't ir\n nn T-I^1it 
D is oriented towards the inside of the molecule This residue annears to nlav a rnle 
of snneer hetween Helix T"5 arvt I nnn AR 




123 


Tyr 


Residue on Helix D that is equally important for both human and murine receptor 
interaction 


[42] 




Tvr 

iyr 


in uic proposed rnouci uic ionowing positions oi iriNacons are spauaiiy access toie. 
123 125 126 128-HO 132-139 




123 


Tyr 


A modification at Tyr 123 leads to an order of magnitude or more loss of activity in 

htimin and murine IPNc hut nnt Ivwtne 


[47,92] 


123 


Tyr 


Replacement with Gly produced a loss of 99% of antiviral acivity on human cells 


[119] 


123-131 




It forms the hvdrnnhilir* surface nf thp Fih<»li» 

11 lUillU Ulb lljr UI V/pillllU lUHtitt Ul UIC Lr tlLHA 


1 1 1 J, 1 1UJ 


123-140 




The domain is in close spatial proximity to the fragment 29-35 in the proposed model 
of IFNacons, where the positions 123, 125, 126, 128—130, 132-139 arc spatially 
accessible 


[25] 


124 


Phe 


Conserved residue in the IFNq subtypes and IFNu/ 




124 


Phe 


Site-direct mutagenesis of Phe 124 of human IFNal with Ser produced an analogue 
with antiviral activity on human, murine, and bovine cells of 75%, 200%, and 207% 


[46] 


124 


Phe 


Site-direct mutagenesis of Phe 124 of human IFNal with Ser produced an analogue 
with antiviral activity on human and bovine cells of 62% and 160% 


[92] 


124-138 




Antisera against that synthetic peptide corresponding to that fragment of IFNq2 
neutralized the activity 


[24] 


124-138 




Synthetic C-fragment of IFNa2 possessed IFN-like antiviral activity and was able to ' 
bind to human blood leukocytes 


[120,117] 


125 


Gin 


Site-direct mutagenesis of Arg 125 of human IFNa 1 with Gin produced an analogue 
with antiviral activity on human, murine, and bovine cells of 27%, 0.7%, and 72% 


[46] 


125 


Gin 


Site-direct mutagenesis of Arg 125 of human IFNa 1 with Gin produced an analogue 
with antiviral activity on human, and bovine cells of 26% and 140% 


[921 


125 


Gin 


Point mutation at that position alter the activity of IFNq2 on murine cells 


[45] 
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10* 


filn 


1 11C POSHIUIIS 1 1 1 UJIU i J£ Ull U1C 1J I1C1LA olC CApUjtU IU KlU &UI> till UilU 


127 421 






etc symmetric about a straight line with angular deviations of 10 and 30° 




125 


om 


Site-direct mutagenesis of Gin 125 of human IFNq2 with Arg from IFNqI sequence 


W51 
l 4 5J 






pruuuwcu on uiidiu^uc wiui <uiii vinu uLuviiy un iiuniuii, murine, unu uuvinc vciis 01 












105 




Site-direct mutagenesis of Gin 125 of human IFNq 2 with His produced an analogue 


1451 






wiui uJiiiviruJ acnviry on numan, munne, ana covine ceus 01 J ju/p, yzu/c, ana 












IOC 


uln 


Site-direct mutagenesis of Gin 125 of human IFNq2 with Leu produced an analogue 


[45] 






wiui antiviral activity on human, murine, and bovine cells of 1 10%, 500%, and 












125 


Gin 


Site-direct mutagenesis of Arg 121, Gin 125, and Lys 132 of human IFNq2 with 


[45] 






Lys, Arg and Thr from IFNal sequence produced an analogue with antiviral activity 








on human, murine, and bovine cells of 150%, 16900%, and 130% 




125 


uln 


Site-direct mutagenesis of Arg 121, Gin 125 of human IFNq2 with Lys and Arg 


[45] 






from IFNq 1 sequence produced an analogue with antiviral activity on human, murine, 








and oovine ceus oi ijuyc, 4U400 a?, ana 15U% 




125 


uin 


oiie-aireci mutagenesis oi um iz5 ana Lys uzoi numan jrr*iQ2 wiui Arg ana inr 


[45] 






from IFNa 1 sequence produced an analogue with antiviral activity on human, murine. 








ana bovine cells oi 155%, 2JUU/<?, ana 100% 




105 
125 


uln 


The residue on Helix. D appear to be important for murine but not for human target 

fi»lle 


[42] 


lXJ 


Liin 


ceus 

In the proposed model the following positions of IFNctcons are spatially accessible; 


ro5i 
[25] 






101 105 10A i09_nn 110 iio 

IZjf 1/5, 1x0, Izo— IjU, 1jx—1J7 




106 


Arg 


v-uuscivcu iciiuuc 111 uic iii^icx suLuypcs dJiu irivfj 






Arg 


in me proposcu mouei me ionowmg posiuons oi lrricrcons are spaitany accessioie. 


ro5i 
125J 






101 105 ioa loa—iin 110 110 




1Z/ 


Ha 

lie 


conserveu resiuue in me in^cx suuiypes, irnp ana irrxu/ 




I0R 
I/O 


Thr 

i fir 


irOnservcu rcsiuue in uic inxa suuiypes 




10B 

12o 


inr 


1 ne positions 121, 125, 12a, ana ij2 on tne u neiix are exposed to tne solvent ana 


n*7 A^y 

[27, 42] 






are symmeinc aooui a suaigni line wim angular oeviations oi iu ana jU 




12y 


Leu 


Conserved residue in the IFNa subtypes 




i OQ_1 A A 

i /y— 144 




Antisera against the synthetic peptide corresponding to that fragment of IFNa2 


[24] 






neutralized the activity 






iyr 


i^onservea resiaue m me itinq suDiypes, irnp ana irisuj 






Tvr 

iyr 


kJiie-uircci riiuwgcncsis oi iyr i ju oi nunuui iriNQ** wiin. 


TAA1 

[44] 






* Phe produced an analogue with antiviral activity on human and bovine cells of 








vivo ana oow 








A fill/ nfyvlllr^A/l an nnatnOttA WritVl intivinl mt i\i!h/ fsr\ Villtnnn anii KAiitna r~nl ! r- rtf 

• vjijr piuuuLcu oil aiidiuguc wiui iiiiiivijiii dcuvity un numan ana Dovinc ceus oi 








0% and Q% 








a Are nn*\/lit/ % AH nn ?tnl Inoi if* u/!th on t i i/ 1 m 1 ft r*t i vr i trr on tinman onrl ivtuina rtf 

• nig uiuuuicu uii uiiuiuguc wiui diuiviiai atiivny on numan ana oovine ceus oi 








1 6% and 26% 




130 


Tvr 


In ihp Mu-TFN/? modpl ihp <id? chain of TVr mrTPsrYinrimsr nT ihnt nntJtJnn 








protrudes from Helix D towards the Loop AB. This residue appears to play a role of 








spacer between Helix D and Loop AB 




131 


Leu 


Conserved residue in the IFNq subtypes, IFN/? and IFNa; 




131 


Leu 


Substitution of Leu 131 diminuished the antiproliferative activity of IFNq4 


[92] 


131 


Leu 


Site-direct mutagenesis of Leu 131 of human IFNq4 with Pro produced an analogue 


[44] 






with antiviral activity on human cells of <0.2% 




131 


Leu 


Site-direct mutagenesis of Leu 13 1 and Thr 132 of human IFNq 4 with Gin and Lys 


[44] 






respectively produced an analogue with antiviral activity on human and bovine cells of 








77% and 53% 
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131 Leu Point mutation at that position alter the activity of IFNq2 on murine cells [451 

131 Leu Leu 1 3 1 is perfectly conserved in all the human Type I IFNs. In the Mu-IFN0 model [42] 

the side chain of Leu corresponding at that position on Helix D is completely buried 
and surrounded by a group of hydrophobic side chains from Phe 36, Leu 67, Phe 68, 
Trp 141, and Val 143 to form a small hydrophobic core 

13 1- 138 Synthetic fragment corresponding to IFNq2 sequence showed immunomodulatory [122] 

activity without inducing antiviral protection 

132 Lys Site-direct mutagenesis of Lys 132 of human IFNq2 with Thr produced analogue [45] 

with antiviral activity on human, murine, and bovine cells of 90%. 10%, and 1 109b 
1 32 Lys Site-direct mutagenesis of Gin 1 25 and Lys 1 32 of human IFNo2 with Arg and Thr [45] 

respectively produced an analogue with antiviral activity on human, murine, and 

bovine cells of 155%, 2300%, and 160% 
132 Lys Site-direct mutagenesis of Arg 121, Gin 125, and Lys 132 of human IFNq2 with [45] 

Lys, Arg and Thr respectively produced an analogue with antiviral activity on human, 

murine, and bovine cells of 150%, 16900%, and 130% 
132 Lys It is proposed to be critical for the binding of mAb B6. In this position IFNq2 is identical [77] 

to IFN0, but differs from IFNq I. In a 3D model of type I IFN there are three Lys 3 1 , 

Lys 132, and Lys 134 spatially close to each other. At pH 2 the binding of mAb B6 to 

IFNa2 is abrogated due to conformational change of this clusters 
1 32 Lys It is proposed to be critical for the binding of mAb B6. (See also 3 1 ) [77] 

132 Lys Replacement in that variable position had relatively small effect on antiviral potency (44, 92] 

of IFNq 4 on human and bovine cells 
1 32 Lys The residue on Helix D appear to be important for murine but not for human target [42] 

cells 

132 Lys The positions 12 1 , 125, 128, and 132 on the D helix are exposed to the solvent and [27, 42J 

are symmetric about a straight line with angular deviations of 10 and 30° 

132 Lys Variant IFNa7c, which differs from lfW7a for Thr 132 instead of Met, was 174] 

neutralized by a mixture of mAbs [118], while IFNa did not 

1 32- 1 37 The sequence of IFNo2 is identical to IFNu/ [24, 1 26] 
132-137 It represents the only evidence of an antigenic homology between human IFNq and [77J 

IFN/?. This common epitope recognized by mAb named B6 is conformational B6 did 

not neutralize IFNq I even when its sequential homology with IFNq2 is higher than 

that of corresponding pans between IFNq2 and IFN/? 
132-138 It is supposed to be important for the low-affinity binding [1 15J 

132-138 The shortest interheiical segment. It corresponds to the region with maximal [24] 

hydrophilicity in IFNq2 and IFNu;, but it was not reflected in immunodominant 

properties of this structure 

1 32- 139 In the proposed model the following positions of IFNocons are spatially accessible: [25] 

123, 125, 126, 12&-130, 132-139 

133 Glu Replacement in that variable position had relatively small effect on antiviral potency [24] 

of IFNq4 on human and bovine cells 
133 Glu Site-direct mutagenesis of Glu 133 of human IFNq4 with Lys produced an analogue [44] 

with antiviral activity on human, murine, and bovine cells of 143%, 1502, and 
90% 

133 Glu The residue on LoopDE appears to be important for murine but not for human target [44] 

cells 

1 33- 1 42 mAb raised to synthetic peptide corresponding to that fragment neutralized antiviral [80] 

effect of leukocyte IFNq (purified by NK-2 antibody) without affecting its 
antiproliferative activity 

133-147 mAb to that fragment of IFNq2 neutralized the biological activity [80] 

134 Lys Site-direct mutagenesis of Lys 134 and Lys 135 of human IFNq I with Leu and Leu [92] 

respectively produced an analogue with antiviral activity on human and bovine cells of 
33% and 93% 
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134 Lys Site-direct mutagenesis of Lys 134 and Lys 135 of human IFNa4 with Leu and Leu [92] 

respectively produced an analogue with antiviral activity on human and bovine cells of 
31% and 70% 

1 34 Lys It is proposed to be critical for the binding of B6. In this position IFNa2 is identical (77] 

to IFN/?. In a 3D model of type I IFN there are three Lys 31, Lys 132, and Lys 134 
spatially close each other. At pH 2 the binding of mAb B6 to IFNq2 is abrogated due 
to conformational change of this clusters 

1 35 Lys Conserved residue in the IFNq subtypes and IFNa; 

135 Lys Site-direct mutagenesis of Lys 1 34 and Lys 135 of human IFNq4 with Leu and Leu [92] 

respectively produced an analogue with antiviral activity on human and bovine cells 
of 31% and 70% 

135 Lys Site-direct mutagenesis of Lys 134 and Lys 135 of human IFNa 1 with Leu and Leu [92] 

respectively produced an analogue with antiviral activity on human and bovine cells of 
33% and 93% 

135 Lys Replacement in that variable position had relatively small effect on antiviral potency [24] 

of IFNa 4 on human and bovine cells 

136 Tyr Conserved residue in the IFNq subtypes, IFN/? and IFNa; 

136 Tyr Site-direct mutagenesis of Tyr 136 of human IFNqI with Gly produced an analogue [92] 

with antiviral activity on human and bovine cells of 102% and 145% 

136 Tyr Site-direct mutagenesis of Tyr 136 of human IFNal with His produced an analogue [46] 

with antiviral activity on human, murine, and bovine cells of 80%, 5009b, and 103% 

1 36 Tyr The residue on Loop DE appear to be important for murine but not for human target 

cells 

136-138 Following binding activity of IFNa2 peptides to thymocytes, it has been recognized [122] 

as critical for receptor interaction (Tyr-Ser-Pro) 

137 Ser Conserved residue in the IFNq subtypes, IFN/? and IFNa; 

137 Ser Change in that position equivalent to 139 of IFN/? greatly reduced the biological [104] 

activity 

138 Pro ThesidechainsofPhe36,Val65,Phe66,Trpl38 f andVal 141 form a hydrophobic [42] 

core surrounding the side chain of Leu 131 

1 38 Pro Change in that position equivalent to 140 of IFN/? greatly reduced the biological [104] 

activity 

1 38- 1 66 Deleted segment in IFNq 2 lacked completely antiviral activity [4 1 ] 

139 Cys Conserved residue in the IFNq subtypes, IFN/? and IFNa; 

1 39 Cys [Ser 29, Ser 1 39] IFNa2 showed reduced but still detectable antiviral activity [4 1 ] 

139 Cys [Gly 29. Gly 139] IFNq2 analogue was inactive [41] 

139 Cys [Ala 1 39, Cys 1 40]tFNa2, where the sequence of the position 139 and 1 40 are [41] 

inverted, is devoid of biological activity on human cells 

139- 145 It forms a hydrophilic surface of the E helix [115, 

116] 

1 39- 1 49 A region highly susceptible to proteolytic cleavages [24] 

140 Ala Conserved residue in the IFNq subtypes, IFN/? and IFNa; 

141 Trp Conserved residue in the IFNq subtypes, IFN/* and IFNa; 

141 Trp In homology to Mu-IFN/? model , the side chains of Phe 36, Leu 67, Phe 68, Trp [42] 

141, and Val 143 form a hydrophobic core surrounding the side chain of Leu 131 

141 Trp Chemical modification of Tips of IFN/? equivalent to the positions 77 and 14 1 of the 104 

IFNq2 alligned sequence causes dramatic loss of antiviral activity 
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142 


Glu 


Conserved residue in the IFNq subtypes, and IFNu; 




142-151 




Policlonal antisera obtained by immunization with synthetic peptide corresponding to 
that region reacted with !FNa2a.b t lFNa4a, IFNq 14, and I FN/? 


(75. 103] 


143 


Val 


Conserved residue in the IFNq subtypes, and IFNu; 




143 


Val 


In homology to Mu-IFN/? model, the side chains of Phe 36, Leu 67, Phe 68. Trp 
141, and Val 143 form a hydrophobic core surrounding the side chain of Leu 131 


[42] 


143-166 




The analogue of IFNq2 with that deleted fragment lacked completely antiviral 
activity 


[41] 


144 


Val 


Conserved residue in the IFNq subtypes, I FN/? and IFNu? 




145 


Are 


Conserved residue in the IFNq subtypes, IFN/? and IFNu; 




145 


Are 


A cluster of positively charged residues. His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 
31, Arg 33, His 34, Lys 46, Lys 50, Arg 145, Arg 150, Lys 160. Lys 163. Lys 165 
are predicted in IFNq8 to form a continuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 


[37] 


145 


Arg 


Change in that position equivalent to 147 of IFN/J greatly reduced the biological 
activity 


[104] 


146 


Ala 


Conserved residue in the IFNq subtypes 




146 


Ala 


Change in that position of IFNq2 diminuished the biological activity 


[24] 


147 


Glu 


Conserved residue in the IFNq subtypes, IFN/? and IFNu; 




147-166 




The analogue of IFNq2 with that deleted fragment lacked completely antiviral 
activity 


[41] 


148 


lie 


Conserved residue in the IFNq subtypes, IFN/? and IFNu; 




148 


He 


Change in that position equivalent to 150 of IFN/? greatly reduced the biological 
activity 


[104] 


149 


Met 


Conserved residue in the IFNq subtypes, and IFNu; 




149 


Met 


Single mutation of each of Met 16, 21, 60, 1 12, and 149 of IFNq2 with Leu residues, 
and contemporary substitution of all Met residues with Leu residues produced 
analogues indistiguishable from unmodified IFNq2 


[41] 


149-166 




The analogue of IFNq2 with that deleted fragment lacked completely antiviral 
activity 


[41] 


150 


Are 


Conserved residue in the IFNq subtypes and IFN/? 




150 


Arg 


A cluster of positively charged residues, His 7 f Arg 12, Arg 13. Arg 22, Arg 23, Lys 
31, Arg 33, His 34, Lys 46. Lys 50, Arg 145, Arg 150. Lys 160. Lys 163. Lys 165 
are predicted in IFNq8 to form a continuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 


[37J 


150 


Ser 


In the proposed model the following residues of IFNacons are spatially accessible: 
Arg 150, Ser 153, Thr 156. Asn 157, Glu 160. Arg 161, Arg 163, Arg 164. Lys 165, 
Glu 166 




151 


Ser 


Conserved residue in the IFNq subtypes, and IFNu; 




151 


Ser 


Change in that position of IFNq2 diminuished the biological activity 


[24] 


151-166 




mAb to this region did not prevent the binding of IFNq 2 to the bovine receptor 


[69, 124] 


151-166 




Truncation of that segment in IFNq2 analogue exerted minimal efTect on bovine cells 


[120] 


151-166 




The analogue of IFNq2 with that deleted fragment lacked completely antiviral 
activity 


[120] 


152 


Phe 


A cluster of hydrophobic residues of IFNq8, Leu 9, He 16, Leu 17, Leu 30, Phe 152, 
Leu 154, He 156, are predicted to be involved in the binding to the receptor (site I) 


[37] 
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UA— IOQ 




Anilntmp nf TP7sI/-»4 u/Ith ihit Hf»1f»rp*H ^om^nf hid reduced Antiviral nrtivitv tn 0 9 t Zi 

AYIlilJUgUC Ui 1* liut Willi lilul UCIClwU dvgillCIM lluU 1 tUUttu tuilivilul UlUVUjr l(J \J.£. lO 


1441 


1 d 




Conserved residue in the IFNq subtypes 




153 


Ser 


In the proposed model the following residues of IFNocons are spatially accessible: 

Art* 1 Cfl Car 1 C* Thr 1 CA Ami <"7 fill* 1 AO. A i-rr 1 A 1 A ro 1 A1 Am IA1 1 ut l« 

Arg i mi, oer 133, inroo, Asn i5/,uiu tou, Arg 101, Arg ioj, Arg to4,Lys 105, 
GIu 166 


[25] 


134 


1 ail 


a cluster or nyaropnoDic residues 01 iriNao, Leu y, lie 10, Leu i /, Leu ju, rne 1 jA 
Leu 154, He 156, are predicted to be involved in the binding to the receptor (site I) 




154-166 




C-terminal 13 residues of IFNq2 removed by proteolytic cleavage had specific 
activity close to that of full-length protein 


[121] 


155 


Ser 


Conserved residue in the IFNa subtypes and IFNc*/ 




155-166 




C-terminal truncated recombinant IFNq2 variant exhibited biological activity 3—4 
times lower than the complete molecule 


t A 11 

[41] 


156 


Thr 


A cluster of hydrophobic residues of IFNa 8, Leu 9, He 16, Leu 17, Leu 30, Phe 152, 
Leu 154, He 156, are predicted to be involved in the binding to the receptor (site I) 


[37] 


156 


Thr 


In the proposed model the following residues of IFNocons are spatially accessible: 

A, n I <A C«r 1 CI TVtr t CA Acn I C"7 f?tti I AA A rrt J A 1 Am I Al Am ? »jf 1 AC 

Arg IjU, oer i jJ, inr ido, Asn 15/, uiu lou, Arg ioi, Arg iw, Arg 104, Lys 1 05, 
GIu 166 


[25] 


156-166 




C-terminal truncated IFNo2 analogue exhibited biological activity 3-^4 times lower 
than the complete molecule 


[41] 


157 


Asn 


In the proposed model the following residues of IFNocons are spatially accessible: 

A „ 1 CO Ciko 1 C7 TTir> 1 CA A cm 1 CT ntn 1 A rrt 1 A 1 Am 1 <"J Ap- 1^4 I .... f AC 

Arg 15U, oer i5J, inroo, Asn i5/,oiu loll, Arg ioi,Arg ioj, Arg io4, Lys io5, 
GIu 166 


[25] 


157-166 




C-terminal truncated IFNa2 analogue obtained by proteolytic cleavage had specific 
activity close to that of full-lenght protein 


[122] 


158-166 




Deletion of that fragment in IFNa 4 reduced antiviral activity to 3% 


[44] 


160 


GIu 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 

*1 1 A —~ 1^ T I" <j J » mmm AC 1..* CA A — <-. 1 AC A ~« 1 CA T t AA T 1 C^ 1 1 AC 

31, Arg 33, His 34, Lys 4o, Lys 50, Arg 145, Arg 150, Lys IoO, Lys 103, Lys 105 
are predicted in IFNq8 to form a continuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 


[37] 


10U 


OlU 


In the proposed model the following residues of IFNocons are spatially accessible: 
Arg 150, Ser 153, Thr 156, Asn 157, GIu 160, Arg 161, Arg 163, Arg 164, Lys 165, 
GIu 166 


[25J 


161 


Ser 


In the proposed model the following residues of IFNocons are spatially accessible: 

An? Kfl Q»r I Thr 1<A Acn 1^7 Hlit 1 AA Ara 1£1 Arts 1 A7 Am 1 A4 f vc 1 A? 

Arg i ju, oer 1 jj, inroo, Asn id/, uiu lou, Arg loi.Arg ioj, Arg io*», Lys ioj, 
GIu 166 


[25] 


161-166 




C-terminal truncated recombinant IFNq2 variant exhibited biological activity 3-4 
times lower than the complete molecule 


[41] 


1 A"> 

lux 


I All 

Leu 


Conserved residue in the IFNa subtypes, 1 FN/? and IFNuj 




t A 7 


Arg 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 
3 1, Arg 33, His 34, Lys 46, Lys 50, Arg 145, Arg 150, Lys 160, Lys 163, Lys 165 
are predicted in IFN08 to form a continuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 


[37J 


163 


Arg 


In th(* rrrArv^Crvt mrvfM th#> Fnllrtu/inu r#>etd!tr»c of FFNftrnns nr*» tmtf^llv nrrpcclhl^* 
Hi mc jjiUpUitu niuuci inc luiiowiug icmuuo ui irnutuni tuc spuiiaujr ocvcajiDic 

Arg 150. Ser 153. Hit 156, Asn 157, GIu 160. Arg 161. Arg 163, Arg 164, Lys 165, 
GIu 166 


1251 


163-172 




Truncated IFNa; was still biologically active 


[123] 


165 


Lys 


Conserved residue in the IFNa subtypes, and IFNa; 




165 


Lys 


A cluster of positively charged residues, His 7, Arg 12, Arg 13, Arg 22, Arg 23, Lys 
3I,Arg 33, His 34, Lys 46. Lys 50, Arg 145,Arg 150. Lys 160, Lys 163. Lys 165 
are predicted in IFNa8 to form a continuous surface of positive electrostatic 
potential complementary to negative potential of receptor molecule 


[37] 


165 


Lys 


In the proposed model the following residues of IFNocons are spatially accessible: 
Arg 150. Ser 153. Thr 156, Asn 157, GIu 160, Arg 161, Arg 163, Arg 164, Lys 165, 
GIu 166 


[25] 
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All these structural constraints are important to 
properly set-up the hot segments, namely 29-35 and 
123-1 40, which must be closely located to make Type 
I IFNs biologically active [25]. 

The situation described above should be considered 
as a sort of "average" among Type I IFN moieties, 
while differences can be noticed when single IFNq 
subtypes, IFN/?, or IFNw are considered, or when the 
interaction with IFN receptors of different species are 
dealt with. 

It is remarkable to note that several residues, dis- 
tributed along the sequence, are critical and their 
replacement can change the biological properties of 
Type I IFNs. 

Mutations of only one of the residues of positions 
22, 30, 33, 121, 123, 125, 130, and 131 have been 
reported to modify (increase or reduction) the biologi- 
cal activity of more than 10-fold with respect to parent 
protein. In the same cases, as for positions 33 and 
121, the kind of the residue is so crucial that even 
the replacement with amino acids which is commonly 
believed to be similar, e.g. Arg vs. Lys, is not tolerated. 

Some positions are determined to confer species 
specificity. Site-direct mutagenesis of Arg 22 and Arg 
33 of human IFNa2c with Lys and His, respectively, 
produced an analogue which had antiviral activity on 
human cells 20-fold higher, while it was almost irrel- 
evant for bovine cells [43]. The replacement of Ser 
86 of IFNa4 with Cys increased 10-fold the antiviral 
activity on murine cells, but did not affect the activity 
on human and bovine cells [44]. Similar results were 
obtained with the substitution of Arg 121 with Lys in 
IFNa2 and IFNa4 [44,45]. The replacement of T^r 
123 of IFNal with Gly affected the activity on human 
cells, reducing and viral potency down to <0.2%, while 
substitution of the same residue with Lys reduced the 
activity on human and murine cells 10 times, leaving 
unalterated the potency on bovine cells [46, 47]. The 
site-direct mutagenesis of Gin 1 25 of IFNa2 with Arg 
or His, respectively, induced antiviral activity high- 
er than 10-fold only on murine cells. A cooperative 
action should be postulated when the contemporary 
replacement of positions 121 and 125 are performed, 
obtaining an analogue of IFNa2 with 400-fold higher 
antiviral activity, again only on murine cells [45]. The 
(Ala 30, 32, 33) Hu IFNa2 anlogue acts as antagonist 
of the parent protein on bovine cells, but not in human 
cells [39]. 

It is noteworthy that among the reported data of 
Table 1 that mutations affecting antiviral activity on 
bovine cells never ©coined, without any correspond- 



ing modification of the activity on human cells, induc- 
ing one to formulate the hypothesis that the IFN bovine 
receptor is less sensitive to mutations and can be trig- 
gered more easily. 

Regarding to the presence of critical residues in 
relevant positions, it is interesting to note that some 
properties of IFNa subtypes are strictly correlated to 
specific amino acidic residues in definite positions, and 
transferring those to another IFNa subtype has some- 
times the effect of transferring the biological proper- 
ties, too. 

The IFNa2 analogue contained in positions 27 and 
3 1 the residues Ser and Met, present only in IFNa 1 , has 
biological properties resembling more IFNal rather 
than IFNa2. 

Another IFNa2 analogue containing Thr 69 of 
IFNal results in having decreased NK-activity, but 
that modification was ineffective in changing antiviral 
and antiproliferative activities [1]. 

When in hybrid IFN[a8 (1-62), al(63-92), 
a8(93-166)], which was active on murine cells, posi- 
tions 84, 86, 87, and 90 were replaced with those 
residues present on IFNa8; the hydrid analogue did 
not interact with murine receptor, resembling that of 
IFNa8 [48]. 

Most of the moieties of Type I IFNs have clinical 
applicadons. In the case of IFNa, several pharmaceu- 
tical preparations are available, some of them based on 
CantelPs technology, and are constituted by a mixture 
of IFNa subtypes (LE-IFNa)[49, 50]; others contain 
IFNa2 subtype produced by DNA recombinant tech- 
nology (rIFNa) [1]; others are based on the use of 
lymphoblastoid cells stimulated to produce IFNa with 
a method similar to that of Cantell, producing a mixture 
of IFNa subtypes with some differences with respect 
to the leukocyte IFNa ( LY- IFNa) [5 1,52], 

IFN/? has a clinical applicaton, too. Since it is one 
molecule, less heterogeneity exists in the pharmaceu- 
tical preparations. Three kinds of IFN/? can mainly be 
distinguished: IFN/? obtained from fibroblast cultures 
induced with poly I:C, recombinant IFN/? from CHO 
cells [53], and a mutant anlogue with Ser 17 instead of 
Cys, obtained in genetically modified E. coli [54], 

During therapies performed with those products in 
several cases the onset of antibodies to IFNa (Ab- 
IFNa) and to IFN/? (Ab-IFN/?) have been detected 
[55, 56, 57, 58, 59] (see other chapters of this book). 

The clinical significance of the onset of Ab-IFN has 
still not been completely assessed; however, it has been 
demonstrated in a number of cases that Ab-IFN were 
responsible for the induction of resistance to IFNa 
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or IFN/? treatment with a consequent recrudescence 
of the disease, while IFNa or IFN/? therapy was still 
continuing [60,61,62,63]. 

The difference in the induction of Ab-IFNa during 
the therapy with rIFNa, LY-IFNa, and LE-IFNa [64, 
65] and the different cross-reactivity of these Ab-IFNa 
towards the individual preparations of IFNa [66, 67, 
68] suggest that rIFNa, LY-IFNa, and LE-IFNa may 
show different immunogenicity. 

Therefore, the definition of which are the antigenic 
sites of IFNs, and in particular of IFNa, is of some 
interest. 

From Table 1 it results that several zones of Type 
I IFNs are available for interactions to m Abs or pAbs. 
The immunodominant epitopes seem preferentially to 
contain fragments of Loop AB, BC, and CD. In almost 
all the cases they are conformational epitopes, con- 
firming that the structure of IFNs is quite compact. 

Summarizing the results, Abs to Type I IFNs can 
be classified in neutralizing Ab (N-Ab), and non- 
neutralizing Ab (NN-Ab), depending of the ability to 
abrogate the biological activity of IFNs. NN-Ab-IFNa 
seem to be directed toward the C-terminal portion of 
IFNas [69], while NN-Ab-IFN/3 to IFN/J could be 
direct to internal fragment [70]. 

N-Ab can be theoretically divided in two subclass- 
es, those that prevent the receptor binding at high affin- 
ity [24], and those that forbid the signal transduction 
[71]. Even minute changes in the primary structures 
can induce visible changes in antigenic profiles. 

Replacement of Arg23 with Lys, which correspond 
to the difference between IFNa2b and IFNa2a, modi- 
fies the reaction with mAb named 9-1-1 [72]; substitu- 
tion of Arg 34 of IFNa2c locally modifies the antigenic 
profile of the molecule [73]; IFNa4a variant with GIu 
1 1 4 and IFNa4b variant with Val 1 1 4 are antigenically 
distinct in that position [24]. Similar results have been 
found for the variants a and c of IFNa7, which differ 
in position 132 for the presence of Met instead of Thr 
[74]. 

Mab, named I-4-A, reacts with IFNa4a and 
IFNa2b, but not with IFNa I and IFNa 14, where the 
only difference that could explain this selectivity is the 
residue at position 10 [71]. 

Since, as reported above, IFNa subtypes differ for 
residues in critical positions, it commonly occurs that 
mAbs or pAbs react selectively towards the IFNa sub- 
types. MAb, designed U 1 , binds region 5-15 and reacts 
with IFNa2, but not IFNal, where the two subtypes 
differ only in positions 5 and 10 [75], 



PAb to region 29-36 binds IFNal and IFNa4 but 
not IFNa2 and IFN/? [75, 76]. The replacement of 
amino acid residues in positions 1 13, 1 14, and 121 of 
IFNa2 with those of IFNa21, forbids the recognition 
of mAb-NK-2 to IFNa2, while it does to the parent 
molecule. 

The only common epitope demonstrated up to now 
between IFNa2 and IFN/? is located in region 132-137 
and is recognized by mAb named B6; however, mAb- 
B6 did not react with IFNal [77]. In that fragment the 
only homology of the sequence between IFNa2 and 
IFN/? which is not present in IFNa 1 is at position 131, 
where IFNa2 and IFN/? have Lys, while IFNal has 
Thr. 

Referring to these data, in the valuation of Ab-IFNa 
induced during therapeutic treatments with IFNa or 
IFN/? pharmaceutical preparations the following con- 
siderations should be taken in account: 

• Ab-IFNa could be directed towards several epi- 
topes with different affinity, therefore different 
neutralization titers may occur with the same abso- 
lute amount of Ab-IFNa. 

• Ab-IFN could contain mixtures of N-Ab and NN- 
Ab that may act sinergistically over the neutraliza- 
tion effect. 

• Depending of which epitopes are recognized, only 
some of the biological activities of Type I IFNs 
could be selectively inhibited [78]. 

• Ab-IFN could inhibit Type I IFNs differently 
depending on the histological origin of cells where 
they are supposed to act [79]. 

• The comparison between the neutralizing titers of 
the sera of different patients can be done proper- 
ly only in the case where it has been previously 
demonstrated that N-Ab are directed towards sim- 
ilar epitopes. 

• It is exceptional to obtain N-Ab to IFNa mixtures, 
like those of LE-IFNa, since the same epitopes are 
not shared by all the IFNa species [74]. 
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Abstract 

The fully glycosylated human omega interferon produced from CHO-SS cells (glycosylated IFN-a>) has been shown to be well-tolerated in man 
and to induce a sustained virologic response in patients infected with hepatitis C virus (HCV). We examined the antiviral activity of glycosylated 
IFN-co and various human IFNs (IFN-a, -p, -7 and non-glycosylated bacterial {Escherichia coli) recombinant IFN-co (non-glycosylated IFN-co)) 
against HCV RNA replicons and several viruses related to HCV. Since none of the IFNs displayed cytotoxicity we compared their activities based 
on the effective concentration of the IFN that inhibited virus growth by 50% (EC50). Glycosylated IFN-a> was found to be the most potent antiviral 
agent of all the IFNs tested against bovine viral diarrhea virus (BVDV), yellow fever virus and West Nile virus. With HCV RNA replicons, 
non-glycosylated IFN-co was comparable in activity to IFN-a while glycosylated IFN-co was markedly more potent, indicating that glycosylation 
has an important effect on its activity. Drug combination analysis of glycosylated IFN-co + ribavirin (RBV) in BVDV showed a synergy of antiviral 
effects similar to IFN-a + RBV, as well as a unique antagonism of RBV cytotoxic effects by glycosylated IFN-co. Transcription factor (TF) profiling 
indicated that IFN-a or glycosylated IFN-co treatment upregulated the same 17 TFs. IFN-a and glycosylated IFN-co also upregulated 9 and 40 
additional unique TFs, respectively. The differences in the expression of these TFs were modest, but statistically significantly different for eight of 
the TFs that were upregulated exclusively by glycosylated IFN-co. The activation of these additional TFs by glycosylated IFN-co might contribute 
to its high potency. 

© 2006 Elsevier B.V. All rights reserved. 

Keywords: Omega interferon; Antiviral; HCV RNA replicons; Drug combination analysis; Transcription factor profiling 



1. Introduction 

Hepatitis C virus (HCV) infection is the most common cause 
of chronic hepatitis in the United States and is a major risk factor 
for the development of liver cirrhosis (Liang et al., 2000). Infec- 
tion with HCV is currently treated using a combination therapy 
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of pegylated human interferon-a (IFN-a) and ribavirin (RBV), 
which leads to a sustained virologic response (S VR = absence 
of detectable HCV RNA in patients 6 months following cessa- 
tion of therapy) in approximately 55% of all patients (Pearlman, 
2004). Other antiviral therapies to treat HCV-infected patients 
are desperately needed. 

The interferons (IFNs) were originally described as biolog- 
ical agents that "interfered" with viral replication (Stark et al., 
1998). Human omega interferon (IFN-to), like other IFNs, is 
secreted from cells in response to viral infection and it has antivi- 
ral, anti-proliferative and immunomodulatory activities (Adolf, 
1995). This type I IFN has 62% amino acid identity with alpha 
interferon (IFNa-2) and 33% amino acid identity with beta inter- 
feron (IFN-0), respectively, but it is unrelated to the type II 
gamma interferon (IFN-7) (Adolf, 1995). As a distinct IFN, 
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IFN-u), used by itself or in combination with ribavirin or other 
antiviral therapies, might therefore be beneficial for the treat- 
ment of patients who fail to respond to IFN-a or as an additional 
first-line treatment option. 

We have found that the fully glycosylated recombinant 
human IFN-co produced from Chinese hamster ovary cells 
adapted to serum-free growth in suspension culture (CHO-SS) 
(glycosylated IFN-co) was well-tolerated in man and that it 
induced a SVR in patients infected with hepatitis C virus (HCV) 
genotypes 1-3 (Plauth et ah, 2002; Gorbakov et al., 2005). Here 
we describe the in vitro antiviral activity of glycosylated IFN-co 
and other human IFNs against several viruses related to HCV as 
well as against HCV RNA replicons. 

2. Materials and methods 

2.7. Antiviral agents 

The CHO-SS cell-derived recombinant human IFN-co is 
fully-glycosylated and appears to be identical to natural IFN-co 
(Buckwold et al., 2006), while the Escherichia a?//-derived bac- 
terial recombinant human IFN-co (non-glycosylated IFN-co; PBL 
Biomedical Laboratories) is not glycosylated. The other human 
IFNs utilized in this work were IFN-a (lFNa-2a, Biomedical 
Laboratories), IFN-p (IFNp-la, Biogen, Inc.) and IFN-7 (R&D 
Systems). RBV was from Sigma. 

2.2. Inhibition of viral cytopathic effects assays 

The bovine viral diarrhea virus (BVDV) assay in 
Madin-Darby Bovine kidney cells and the yellow fever virus 
(YFV) 17D assay in Vero cells were performed as previ- 
ously described (Buckwold et al., 2003). The West Nile virus 
(WNV) antiviral evaluations were performed in Vero cells using 
the WNV isolate NY99-35262-11 from Flamingo (CDC, Ft. 
Collins, CO) under BSL-3 conditions. Vero cells were grown in 
Dulbecco's Modified Eagle media (DMEM), 10% fetal bovine 
serum (FBS), 2% glutamine, 1 % non-essential amino acids, 1% 
sodium pyruvate, 1 % penicillin-streptomycin. The WNV assay 
media was the same except that 2% FBS and DMEM without 
phenol red was used. All cell culture reagents were from Invitro- 
gen. On the day preceding the assay, the cells were trypsinized 
( 1 % try psin-EDTA), pelleted ( 1 200 rpm x 1 0 min), counted and 
plated at 2 x 10 4 weir 1 in Costar 96-well flat-bottom plates 
(Corning). The next day compounds were added to the appro- 
priate wells. A pre-titered aliquot of virus was then added to 
each well in an amount determined to give 85-95% cell killing. 
After 6 days incubation at 37 °C in a 5% CO2 incubator, cell 
viability was determined using CellTiter96 (Promega) with a 
Wallac Victor microplate reader (Perkin-Elmer). Data analysis 
was peformed as previously described (Buckwold et al., 2003). 

2.3. HCV RNA replicon assays 

The HCV RNA replicon antiviral evaluation assay used a 
Huh7 cell line that contains an HCV RNA replicon called ET 
(pFK 1389 Lucubineo EI NS3-3' ET = pHCV-ET) that is based 
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on the con 1 HCV- 1 b strain with three cell culture-adaptive muta- 
tions and a stable luciferase (Luc) reporter for which expres- 
sion is directly proportional to HCV RNA replicon RNA levels 
(Pietschmann et al., 2002). The HCV RNA replicon-containing 
cell line was kept subconfluent and grown in DMEM, 10% FBS, 
1% glutamine, 1% penicillin-streptomycin, 250|xg/ml G418 
in a 5% CO2 incubator at 37 °C, while the assay media was 
the same except using 5% FBS, DMEM without phenol red, 
and in the absence of G418. The cells were trypsinized and 
(5000 well -1 ) plated in 200 |jl1 of media into the inner wells of 
two white 96-well plates (Costar) for the Luc-based assay or 
into one 96-well flat-bottom plate (Costar) for the RNA-based 
assay. The next day the media was removed and drugs were 
added in 100 |xl assay media to evaluate five half-log concentra- 
tions of drug with four replicates each. Ten wells without drugs 
per plate served as the virus controls (and/or cell controls), 12 
wells were for media alone and two wells at each concentra- 
tion were used for drug color controls. The plates were then 
returned to the CO2 incubator for 72 h. In the Luc-based assay, 
one set of plates was examined for Luc expression as an indi- 
rect indication of HCV RNA replicon levels using SteadyGlo 
reagent (Promega) with a luminometer plate reader (Wallac 1 450 
Microbeta, Perkin-Elmer), while CytoTox-1 reagent (Promega) 
was added to the second plate and 560 nM excitation 590 nM 
emission fluorescence was read with a plate reader (Analyst 
HT, Molecular Devices) as an indication of cell numbers and 
cytotoxicity. HCV RNA levels were directly assessed by Taq- 
Man RT-PCR (Martell et al., 1999) with RNA produced in vitro 
using T7 RNA polymerase (T7 Megascript kit, Ambion) from a 
pCRII-TOPO (Invitrogen) plasmid containing the cloned Taq- 
Man amplicon (pHCVA) used as the standard. Cellular RNA 
was extracted from cells using QIAGEN viral RNA 96-well kits. 
Ribosomal RNA (rRNA) levels determined viaTaqMan RT-PCR 
(Ribosomal RNA control reagents, PE Biosystems) were used 
as an indication of cell numbers in the RNA-based assay. The 
average Luc or HCV RNA levels relative to that of the untreated 
controls, and the background and drug color-corrected fluores- 
cence or rRNA levels relative to that of the untreated controls, 
was then plotted as a function of drug concentration. The effec- 
tive drug concentration that reduced HCV RNA replicon levels 
by 50% (EC50) and 90% (EC 90 ), and the toxic concentration of 
drug that reduced cell numbers by 50% (TC 50 ) and 90% (TC 90 ) 
were calculated in dedicated spreadsheets by regression analy- 
sis with semilog curve fitting. Selectivity indices (SI = TC/EC) 
at 50% (SI 50 ) and 90% (SI90) were also calculated. 

2.4. Drug combination analysis 

The drug combination analyses were performed using 
the aforementioned model systems, as described previously 
(Buckwold et al., 2003). 

2.5. Transcription factor analysis 

HCV RNA replicon-containing ET cells at 75% confluence 
in T25 flasks were rinsed with PBS and treated with 1 ,000 IU/ml 
human IFNa or glycosylated IFN-co. An untreated flask of cells 
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served as the control. After 24 h incubation, nuclear extracts 
were isolated (Nuclear Extraction Kit, Panomics; Jiang et al., 
2003) and TranSignal Protein/DNA Arrays I— III (Panomics) 
were utilized to quantify the activation of 243 TFs, as described 
previously (Govindarajan et ah, 2003; Jiang et al., 2004). The 
expression levels of each TF was analyzed by comparing the 
density of each IFN-treated dot on the membrane relative to 
the untreated control dot using Quantity One v.4.5.2 software 
(Bio-Rad). The entire experiment was performed three times 
and the average ±S.D. expression level of each TF whose lev- 
els was increased or decreased greater than two-fold relative to 
the untreated control was determined. We used a Student's Mest 
with a = 0.05 to identify those TFs whose expression was sta- 
tistically significantly different between IFN-a or glycosylated 
IFN-o> treated samples relative to the untreated control. 

3. Results 

3.1. Effect of ribavirin and human interferons on viruses 
related to HCV 



Table 1 

Antiviral activity of human IFNs and RBV against BVDV, YFV and WNV 



Virus 


Treatment (n) 


Mean±S.D. 










EC50 


IC50 


SI 5 o a 


BVDV 


IFN-a (9) 
IFN-P (2) 
IFN-7 (2) 

I CM . > ZO\ 

IrlN-O) \y) 
RBV (9) 


29±331U/ml 

NR C 

NR C 

1 OX 1 O 1 1 T/ml 

10 ±6.3 \lM 


>5000IU/ml b 
>5000IU/ml b 
>50001U/ml b 
>3UUU lu/mi 
32±15u.M 


>170 
<1 
<1 

>ZOUU 

3.2 


YFV 


IFN-a (3) 
IFN-P(l) 
IFN-7 (2) 
IFN-u) (3) 
RBV (5) 


150 ±46 IU/ml 
140IU/ml 
17 ±1.6 IU/ml 
8.4 ±5.9 IU/ml 
110±56uJvl 


>5000IU/ml b 
>5000IU/ml b 
>5000IU/ml b 
>5000IU/ml b 
>410p,M b 


>33 

>36 
>290 
>600 
>3.7 


WNV 


IFN-a (3) 
IFN-iu (4) 
RBV (5) 


14±7.91U/ml 
2.0 ±2.9 IU/ml 
240 ±71 u,M 


>1000IU/ml b 
>1000IU/ml b 
>410p.Mb 


>7I 
>500 
>1.7 


a SI 50 = 


IC50/EC50. 









b IC50 was not reached. 
c EC50 was not reached. 



Table 1 summarizes the results of the evaluation of a variety of 
human IFNs and the positive control compound RBV against the 
cytopathic viruses bovine viral diarrhea virus (BVDV), yellow 
fever virus (YFV) and West Nile virus (WNV). None of the IFNs 
displayed cytotoxic effects and inhibitory concentrations of drug 
that caused the reduction in viable cell numbers by 50% (IC50 
values) were not reached in any assay. In addition, glycosylated 
IFN-o> did not display any cytoxicity following seven days at 
lOOOIU/ml in human peripheral blood mononuclear cells (data 
not shown). As such, comparisons of drug potency were made 
based on the antiviral activity using the effective concentrations 
that reduced viral CPE formation by 50% (EC50 values) rather 
than using selectivity indices (SI50 = IC50/EC50). 

The behavior of IFN-a and RBV against BVDV and YFV was 
comparable to that observed previously (Buckwold et al, 2003), 
as were their effects on WNV (Jordan et al., 2000; Anderson 
and Rahal, 2002; Morrey et al., 2002). IFN-p and IFN-7 were 
not effective against BVDV and effective concentrations that 
reduced viral CPE formation by 50% (EC50 values) were not 
reached. In terms of potency (based on EC50), glycosylated IFN- 
co was more active than IFN-a against BVDV. All the human 



IFNs tested were active against YFV with glycosylated IFN-w 
and IFN-7 being the most effective, and IFN-a similar to that 
observed previously (Buckwold et al., 2003), and less effective. 
Glycosylated IFN-u> was slightly more potent than IFN-7 and 
more potent than IFN-a against YFV. With WNV, IFN-a> was 
also more potent than IFN-a. 

3.2. Effect of human interferons on HCV RNA replicons 

Table 2 shows the results of the comparison of the antiviral 
activities of IFN-a, glycosylated IFN-o) and non-glycosylated 
IFN-a) using HCV RNA replicons. The assay was performed 
in Huh7 cells containing the conl HCV- lb strain HCV RNA 
replicon ET (Pietschmann et al., 2002) which has a luciferase 
(Luc) reporter whose expression is directly proportional to HCV 
RNA replicon RNA levels. RBV does not show antiviral activ- 
ity in this assay. The antiviral activities observed were similar 
using the indirect Luc endpoint or the direct RNA endpoint. 
None of the IFNs showed any cytotoxic effects and IC50 was 
not reached in any experiment. Based on the EC50 values, 
glycoslyated IFN-oj was markedly more potent. The antiviral 



Table 2 

Antiviral activity of human IFNs against HCV RNA replicons 



Endpoint 



Treatment («) 



Mean±S.D. 







EC50 (IU/ml) 


EC90 (IU/ml) 


IC 50 and IC90 (IU/ml) a 


SI 5 o b 


Sl90 c 


Luc 


IFN-a (14) 


0.28 ± 0.088 


1.1 ±0.33 


>100 a 


>360 


>91 




Glycosylated IFN-w(lO) 


0.017 ± 0.019 


0.030 ±0.017 


>100 a 


>5900 


>3300 




Non-glycosylated IFN-w (4) 


0.13 ±0.060 


0.54 ± 0.23 


>100 a 


>770 


>190 


RNA 


IFN-a (8) 


0.32 ± 0.092 


1.2 ±0.38 


>100 a 


>310 


>83 




Glycosylated IFN-w (5) 


0.0047 ± 0.0022 


0.017 ±0.010 


>100 a 


>21000 


>5900 




Non-glycolsylated IFN-u> (3) 


0.20 ± 0.021 


0.90 ± 0.087 


>100 a 


>500 


>110 



a IC50 and IC90 were not reached. 
b SI 5 o = IC 5 o/EC 5 o. 
c SI 9 o = IC 9 o/EC 9 o. 
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activity of non-glycosylated IFN-co was comparable to IFN-a, 
as previously described (Cheney et al., 2002; Okuse et al., 2005). 
This difference in antiviral activity between glycosylated IFN-co 
and non-glycosylated IFN-co indicates that glycosylation has an 
important effect on its activity. 

3.3. Drug combination analysis 

A drug combination analysis was then performed using gly- 
cosylated IFN-co + RBV with BVDV. Fig. 1 shows a representa- 
tive result of this experiment. We observed a synergy of antiviral 
activity (Fig. la and b) between the two drugs (synergy vol- 
ume =61 ± 20 IU jxg/ml 2 %, n = 3) at physiologically relevant 
drug concentrations. We also saw a strong antagonism of antivi- 
ral effects (antagonism volume = -1 100±430IU (xg/ml 2 %, 
« = 3) between the drugs at high RBV concentrations not 
observed in vivo (Glue et al., 2000; Larrat et al., 2003; Scott and 
Perry, 2002; Tsubota et al., 2002), at which RBV exhibits cyto- 
toxicity. In the analysis of the effects of combining glycosylated 
IFN-co + RBV on cytotoxicity (Fig. lc and d), we found a moder- 
ate antagonism of the cytotoxic effects of RBV by glycosylated 
IFN-co (antagonism volume = -7 1 ± 38 IU fig/ml 2 %, n = 3) at 
physiologically relevant drug concentrations. These same effects 
were also apparent in preliminary experiments when YFV was 
employed for the drug combination analysis (data not shown). 

3.4. Transcription factor analysis in HCV RNA replicons 

We next examined the ability of IFN-a and glycosylated IFN- 
co to activate cellular transcription factors (TFs) from HCV RNA 
replicon-containing cells following treatment with lOOOIU/ml 
human IFN-a or glycosylated IFN-co. An untreated flask of cells 
served as the control. After 24 h incubation, nuclear extracts 
were isolated and TranSignal Protein/DNA Arrays I, II and III 
(Panomics) were utilized to quantify the activation of 243 TFs, 
as described previously (Govindarajan et al., 2003; Jiang et ah, 
2004). The expression levels of each TF was analyzed by com- 
paring the density of each IFN-treated dot on the membrane 
relative to the untreated control dot. The entire experiment was 
performed three times and the average ±S.D. expression level 
of each TF whose levels was increased or decreased greater 
than two-fold relative to the untreated control was determined 
(Table 3). No TF showed a significant downregulation of their 
levels in response to these treatments. The expression of 17 TFs 
were increased by treatment with either IFN-a or glycosylated 
IFN-co. Glycosylated IFN-co induced the expression of an addi- 
tional 40 TFs that were not induced by IFN-a; while IFN-a 
induced the expression of 9 TFs that were not induced by gly- 
cosylated IFN-co. 

We used a Student's /-test with a = 0.05 to identify those 
TFs whose expression was statistically significantly different 
between IFN-a or glycosylated IFN-co treated samples. Eight 
TFs which were modestly-induced by glycosylated IFN-co and 
not IFN-a were identified: the steroid regulatory element- 
binding ADD1 (Guan et al., 1995), the gamma IFN promoter 
repressor AP2/YY1 (Ye et al., 1996), the gamma globulin pro- 
moter repressor conserved sequence-binding protein 1 (CSBP; 



Gumucio et al., 1 992), the beta globulin gene promoter erythroid 
Kruppel-like factor (EKLF; Crossley et al., 1994), the homeotic 
gene fork head of Drosophila 8 (HFH-8)/hepatocyte nuclear fac- 
tor 3 (HNF-3)/mouse fork head lung protein (LUN; Miura et 
al., 1998), HNF-la (Frain et al., 1989), the interferon consen- 
sus sequence binding protein (ICSBP, Driggers et al., 1990) and 
the lymphocyte-enriched DNA binding protein LyF (Lo et al., 
1991). 

4. Discussion 

In this report we describe the in vitro antiviral activity of 
the glycosylated IFN-co and various human IFNs (IFN-a, -p, -y 
and non-glycosylated (£. co/i-derived) IFN-co (non-glycosylated 
IFN-co)) against HCV RNA replicons and several viruses related 
to HCV. IFNs are not cytotoxic compounds and IC50 values were 
not reached for any IFN in any model system. As such, drug 
potency comparisons were based on drug EC50 values. Gly- 
cosylated IFN-co was more potent than IFN-a against BVDV, 
YFV and WNV (Table 1). With HCV RNA replicons, non- 
glycosylated IFN-co was comparable in activity to IFN-a, while 
glycosylated IFN-co was markedly more potent, indicating that 
glycosylation has an important effect on its activity (Table 2). 
In each model system that was examined, glycosylated IFN-co 
was found to be the most potent antiviral agent of all the IFNs 
tested. 

RBV monotherapy to treat HCV infection is not at all effec- 
tive while IFN-a only treatment is moderately effective, but 
the combined use of IFN-a + RBV in patients is much more 
effective clinically and is currently the standard of care. The 
reason for this clinical synergy of antiviral activities is not com- 
pletely understood and both the indirect immune-mediated and 
direct antiviral effects of RBV may contribute to this success 
(reviewed in Buckwold, 2004). Glycosylated IFN-co + RBV also 
showed a clear synergy of antiviral activity in HCV-infected 
patients (Gorbakov et al., 2005). We conducted a drug combi- 
nation analysis of glycosylated IFN-co + ribavirin (RBV) using 
BVDV (Fig. 1 ). A synergy of the antiviral effects of the two drugs 
was observed which was essentially identical to what we found 
previously when IFN-a + RBV were examined in this model sys- 
tem (Buckwold et al., 2003). Interestingly, an antagonism of the 
cytotoxic effects of RBV by glycosylated IFN-co was observed. 
This feature was not observed when IFN-a + RBV were tested 
(Buckwold et al., 2003). Thus the combination of glycosylated 
IFN-co + RBV seems favorable both for the synergy of antiviral 
activities and for the antagonism of RBV drug cytotoxic effects. 

Transcription factor (TF) profiling indicated that IFN-a or 
glycosylated IFN-co treatment upregulated the same 17 TFs. 
IFN-a and glycosylated IFN-co also upregulated 9 and 40 addi- 
tional unique TFs, respectively. The differences in the expression 
of these TFs was modest, but statistically significantly dif- 
ferent for eight of the TFs that were upregulated exclusively 
by glycosylated IFN-co. These IFN-co-induced TFs were the 
steroid regulatory element-binding ADD1 (Guan et al., 1995), 
the gamma IFN promoter repressor AP2/YY1 (Ye et al., 1996), 
the gamma globulin promoter repressor conserved sequence- 
binding protein 1 (CSBP; Gumucio et al., 1992), the beta 



122 



V.E. Buckwold et al /Antiviral Research 73 (2007) 118-125 



Table 3 

Comparison of transcription factor activation in HCV RNA replicon-containing Huh7 ET Cells by glycosylated IFN-u> and IFN-a 



Activation by 



Transcription factor Description 



Glycosylated IFN-u>/ 
control 3 



IFN-a/controi a 



HFH-3 


Forkheadboxll 


3.59 ± 3.96 


3.13 ± 3.39 


RREB (sequence 2) b 


Ras-responsive transcription element 


3.47 ± 3.36 


3.94 ± 4.61 


HBS/xbpl 


HIF binding sequence (rat, as human xbp-1) 


3.21 ± 3.23 


3.61 ± 4.30 


PARP 


Poly(ADP-ribose) synthetase/polymerase 


3.16 ± 3.52 


2.52 ±5.19 


MSP1 


Amyloid precursor protein (APP) regulatory element 


2.85 ± 2.59 


2.08 ± 3.74 


VDR (DR-3) 


VDR: Vitamin D ( 1 ,25-dihydroxy vitamin D3) receptor 


2.79 ± 1.68 


2.43 ± 1.06 


MEF-2 (sequence l) b 


Myelin gene expression factor 


2.66 ± 2.13 


2.15 ± 4.16 


Stat4 


Signal transducer and activator of transcription 4 


2.60 ± 1.36 


2.06 ± 1.32 


PPUR (sequence l) b 


Purine-rich sequences binding sequence 


2.54 ± 1.15 


2.15 ± 1.20 


MT-Box 


Tentative new binding domain 


2.30 ± 2.19 


2.52 ± 1 .92 


HIF-1 


Hypoxia-inducible factor 1 


2.29 ± 2.42 


2.61 ± 2.48 


RXR (DR1) 


Retinoic acid X receptor 


2.29 ±1.18 


2.45 ±1.21 


~pt~\ /r\n a \ 

TR (DR4) 


Thyroid hormone receptor 


2.15 ± 1.20 


2.13 ± 1.17 


MyoD 


Myogenic factor D 


2.15 ± 1.20 


2.01 ± 1.62 


NF-kB 


Nuclear factor of kappa light enhancer in B -cells 


2.11 ± 1.42 


2.25 ±1.81 


Pax4 


Paired box gene 4 


2.08 ± 1.44 


2.39 ± 2.26 


USF-1 


Upstream transcription factor 


2.01 ± 1.29 


2.26 ± 1.80 


c-Rel 


NF-kB p75 kDa protein 


3.85 ± 4.56 


1.19 ±0.18 


E4F, ATF 


E4F transcription factor 1 


2.96 ±3.11 


1.38 ± 0.23 


GATA-4 


GATA binding protein 4 


2.88 ± 2.42 


1.64 ± 1.13 


E4BP4 


Nuclear factor, interleukin 3 regulated 


2.81 ± 1.78 


1.56 ±0.61 


CP1,CTF,CBTF 


CCAAT-box-binding transcription factor 


2.73 ± 1.09 


1.62 ± 0.87 


HOXD 9,10 


Homeo box D9, D10 


2.73 ± 0.90 


1.56 ± 0.83 


LyF 


LyF binding site 


2.65 ± 0.42 


1.55 ± 0.60 


LyF- 1 (sequence 1 ) b 


LyF-1 binding site 


2.64 ± 0.77 


1.73 ± 0.67 


ATF/CRE 


ATF/CRE binding site 


2.64 ± 0.97 


1.27 ± 0.67 


HNF-1A 


Hepatocyte nuclear factor 


2.54 ± 0.59 


1.18 ± 0.24 


E47 


E2A enhancer binding factors E12/E47 


2.52 ±1.61 


1.22 ±0.60 


HFH-8, HNF-3, LUN 


A new mouse forkhead gene named LUN 


2.52 ± 0.56 


1.03 ±0.15 


ZIC 


A DNA binding domain on the EBV BZLF1 promoter 


2.46 ±2.19 


1.52 ± 1.29 


Pax3 


Paired box gene 3 


2.37 ± 2.08 


1.80 ± 3.01 


RSRFC4 


MADS box transcription enhancer factor 2 


2.37 ± 0.49 


1.54 ± 1.12 


CSBP 


Conserved sequence-binding protein 


2.34 ± 0.79 


1.13 ± 0.40 


ATF2 


ATF2 


2.30 ± 1.88 


1.86 ± 1.49 


MTB-Zf 


Cis regulatory element (MTE) binding protein 


2.26 ± 0.90 


1.70 ± 0.73 


CREB 


cAMP responsive element binding protein 1 


2.26 ± 0.84 


1.48 ± 0.65 


NF-Y 


Nuclear Y box factor 


2.23 ± 1.07 


1.92 ± 1.14 


PEBP2 


Polyoma enhancer binding protein 


2.20 ± 0.80 


1.98 ± 0.86 


AP-2 


Activating enhancer binding protein 


2.19 ± 0.97 


1.87 ± 0.08 


MyTI 


Myelin transcription factor I 


2.19 ± 0.78 


1.28 ± 0.28 


ADR1 


ADH regulatory gene-1 binding element 


2.19 ± 1.79 


1.11 ± 0.22 


MAZ 


MYC-associated zinc finger protein 


2.18 ± 0.98 


1.46 ± 1.30 


CETP/CRE 


Cholesterol esterase transfer protein/response element 


2.16 ± 1.67 


1.13 ±0.08 


EVI-1 


Ecotropic viral integration site 1 (zinc finger oncogene) 


2.13 ± 1.93 


1.31 ±0.74 


Antioxidant RE 


Antioxidant responsive element 


2.13 ± 1.24 


. 1.20 ±0.52 


AnK/Amt 


Aryl hydrocarbon receptor/nuclear translocator binding element 


2. 13 ± 1.39 


ill i f\ ^ rx 

1.11 ± 0.39 




iNULiear luuiur ^eiyuiroiu-acnveu z^-iikc i 


Z. 1 1 ± I.JO 


1.77 ± 1.16 


AIC, CBF 


ApoA-I gene promoter c region, CCAAT-binding factor 


2.09 ± 0.96 


1.02 ±0.13 


EKLF (sequence l) b 


Erythroid Kruppel-like factor gene 


2.08 ± 0.36 


1.14 ±0.12 


ADD1 


Sterol regulatory element binding transcription factor 


2.07 ± 0.68 


1.08 ± 0.37 


LR1 


A 106- kDa sequence-specific DNA-binding protein 


2.06 ±0.81 


1.37 ± 0.54 


Smad3/4 


MADH3/4, mothers against decapentaplegic homolog 3/4 


2.05 ± 0.86 


1.70 ±0.81 


NF-E1 (YY1) 


YY1 transcription factor 


2.04 ± 0.88 


1.83 ± 0.75 


CACC 


CACC binding protein 


2.04 ± 1.33 


1.31 ±0.69 


Brn-3 


POU4F1 : POU domain, class 4 ? transcription factor I 


2.02 ± 0.78 


1.71 ±0.58 


ICSBP 


Interferon consensus sequence binding protein 


2.02 ± 0.69 


1.06 ±0.22 


AP2, YY1 


Activating enhancer binding protein 2-Iike YY1 site 


2.02 ± 0.44 


0.85 ±0.16 


HBS+HAS 


Hypoxia-inducible factor 1 binding sequence/ancillary sequence 


1.90 ± 1.06 


2.51 ± 2.10 


Pax6 


Paired box gene 6 


1.88 ±0.29 


2.21 ± 0.79 



Both glycosylated IFN-cd 
and IFN-a 



Glycosylated IFN-oa alone 



IFN-a alone 
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Table 3 (Continued) 



Activation by 


Transcription factor 




vji y luj j idtcu ii n~wt 

control 3 






MUSF1 


Amyloid precursor protein regulatory element without USF site 


1.84 ±0.53 


2.32 ± 0.87 




MZF1 


Zinc finger protein 42 (myeloid-specific retinoic acid- responsive) 


1.70 ±0.42 


2.61 ± 1.86 




ISRE (sequence 2) b 


Interferon-a stimulated response element 


1.69 ± 1.24 


2.32 ± 1.89 




NZF-3 


Neural zinc finger factor 3 


1.51 ±0.30 


2.29 ± 1.69 




XRE 


Xenobiotic response element 


1.44 ± 0.49 


2.01 ± 1.65 




RREB (sequence l) b 


Ras-responsive transcription element 


1.38 ±0.82 


2.50 ± 0.37 




XBP-1 


X-box binding protein 1 


1.24 ±0.45 


2.05 ± 1.55 



a Mean±S.D. 

b Sequence 1 or 2 as designated by Panomics. 




Fig. 1 . Drug combination analysis of glycosylated IFN-u> + RBV using BVDV in MDBK cells. The calculated additive interactions between the drugs were subtracted 
from the experimentally determined values based on mean background- and drug color-corrected data to reveal the regions and corresponding drug concentrations 
at which synergistic or antagonistic interactions affecting antiviral activity and drug cytotoxicity occurred. Peaks of statistically significant synergy or antagonism 
that deviate significantly from the expected additive drug interactions derived from 95% confidence interval data are shown in the difference plots of the interactions 
between IFN-w and RBV (A and C) and in the corresponding contour plots (B and D). The colors indicate the level of synergy or antagonism with the corresponding 
peak volumes found at each drug concentration indicated in the sidebar. The effects of the combination of IFN-u> and RBV on antiviral activity is shown in panels 
A and B, while the effects of the drug combination on cytotoxicity in MDBK cells are shown in panels C and D. The experiment was repeated three times with 
essentially identical results observed. 
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globulin gene promoter erythroid Kruppel-like factor (EKLF; 
Crossley et al., 1 994), the homeotic gene fork head of Drosophila 
8 (HFH-8)/hepatocyte nuclear factor 3 (HNF-3)/mouse fork 
head lung protein (LUN; Miura et al., 1998), HNF-la (Frain 
et al., 1989), the interferon consensus sequence binding pro- 
tein (1CSBP, Driggers et al., 1990) and the lymphocyte-enriched 
DNA binding protein LyF (Lo et al., 1991). The molecular basis 
of this differential regulation of host cell TFs in response to 
IFN-a and glycosylated IFN-a) treatment is uncertain both due 
to the modest nature of the activation observed and since it is 
unclear from these experiments whether the observed effects are 
transcriptional or post- transcriptional in nature. However, both 
IFN-a and glycosylated IFN-u> are type 1 IFNs that affect cells 
by engaging what appears to be the same cellular receptors. It 
is possible that structural differences may cause them to inter- 
act with their receptors in different ways since such differences 
are thought to explain in part, some of the significant differences 
observed in the clinical and biological activities of the other type 
I interferons (Karpusas etal., 1997; Walter, 1997). Since glyco- 
sylated IFN-cd induced the activation of several other TFs that 
were not induced by treatment with IFN-a, this may be in part 
responsible for its high potency. 
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Phase 2 Study of Omega Inte 
in Interferon-naive Subji 

V. Novozhenov 1 , N. Zakharova 2 , E. Vinogradova 2 , 1. Nikitin 3 , V. Gorbakov 4 , A. Yat 



Hepatitis C vims represents a global health issue, affecting more than 170 
million people worldwide. The current standard treatment, pegylated 
interferon-alpha and ribavirin, fails to induce a sustained viral response in 
approximately 50% of treated patients. Poor compliance and frequent treatment 
discontinuations represent significant obstacles to successful treatment This 
phase 2 study is designed to evaluate the safety and antiviral activity of omega 
interferon in combination with ribavirin for the specific purpose of selecting an 
appropriate dose for a subsequent study of omega interferon continuous 
administration with the DUROS* continuous delivery device. 



• Recombinant human type-1 Interferon 

• 70% homology with alpha interferons 

• Derived from CHO cells 

• Fully glycosylated 

• In vitro potency £ alpha interferon in BVDV, WNV, YFV and HCV replicons 1 

ttht 73(2007) pp. IU-12S 





Parameter 


Omega 
Interferon 

Alone 
(N = 35) 

n(%) 


Omega 
Interferon Plus 
Ribavirin 
(N = 67) 

n{%) 


Gender 


Female 






Ethnicity 


White 


^Bjip5%)-4 


57 (iooW) 


Age 


Mean 
Range 


. ■ *' ■■■ : - 




Weight 


<75kg 


- 13 (37 l%) r 




Baseline HCV RNA 
{IU/mU 1000) 


Mean 
Range 


3688 
163-18100 


, 3276 . 
209-14157 



• To evaluate the comparative activity and safety of omega interferon daily 
injections with or without ribavirin 

• To determine a safe and active starting dose for a planned Omega DUROS 
continuous delivery device phase lb dose-escalating study 



• 102 genotype-1 interferon -naive subjects 

• Randomized, open-label 

- 1:2 randomization of the two study arms 

• Endpoints: EVR & SVR 




EVR at week 12 



„ —.-.jit withdrawn for ftSurs 
to maintain oodetedabtaHCV 
RNAatwwks 24 mi 36 



R8V administered it dose of 
1000n 200 mt/itov 



• Dose reductions 

- Omega interferon 25 ug/day to 10 ug/day for ANC <750/mm 3 

- Ribavirin 1000/1200 mg/day to 600 mg/day for Hgb<10g/dL 

Inclusion/Exclusion Criteria 

• Inclusion 

HCV genotype-1 
Detectable HCV RNA 
ALT>UIH 
Informed consent 

• Exclusion 

Other causes of chronic liver disease 

Lab values: Hgb < 12g/dL Platelet < 100,000/mm 3 

WBC < 3000/mm 3 ANC < 1500/mm 1 
Any prior interferon treatment 
HIV-positive 



100% 



Omega Alone 
n=35 



r^p Value = 0.014 * 




100% 



Omega + Ribavirin 
n=67 



> 84% 



1-' ' -V 




Wk-12 

l.lOQ600IUftnL 2. LOD SO lU/ral 



EVR 1 PCR(-) ETR* SVR 1 
Wk-12 1 



All patients achieving SVR also experienced ALT normalization 



^bjecMDiscontinuations & SAEs 



Omega Interferon 
Alone 
(N = 35) 

n{%) 


Omega Interferon 
Plus Ribavirin 
(PU67) 

n(%) 


Completed the study 




". 4/67(6.0%)'. r 


Subjects discontinued 


V^n#5(0.0%ft* ? * 


Adverse events 




2(3.0%). 


Withdrew consent 


0 


2(3.0%) 


Serious adverse events 






Cellulitis 




"' r : ; 0 {0%)f \ ! 


Ulna fracture 


1\ ' 1 (2.9*) 


,;0(0%) " : 


Fibroadenoma of breast 


0(0%) 


1(1.5%) 


Pneumonia 


1 (2.9%) 


0(0%) 




f 


Omega Interferon 


Omega Interferon 




Alone 


Plus Ribavirin 


Drug Reduced ! 


(N = 35) 


(N = 67) 


5 


n(%) 


n(%) 


Omega interferon only 






Ribavirin only 


. ^ 6(0%)" l . 


: .'12(17:9%f < 


Omega interferon and ribavirin 


0(0%) 


8(11.9%) 



jinjcaj|Laboratory Abnormalities NacTCGrade3&4 



; Omega Interferon 
Alone 
(N = 35) 

n (%) 


Omega Interferon 
Plus Ribavirin 
(N = 67) 

n(%) 


Alt g«^(48r6%j^g 




Neutrophils decrease ^pS%)9p 


ALT increase 






WBC decrease 




9(13.4%)'- " ' 


Lymphocyte decrease 


; -, ^0(0%) ! \ 


. -5.(7.5%) 


Sodium decrease 


2(57%) 


' ^ 3,(4.5%) ; i 


Indirect bilirubin increase 


v 0(0%):;* \, 


• . , 3(4.5%) : 


Potassium increase 


0(0%) 


2(3.0%) 


Total bilirubin increase 


0(0%) 


2(3.0%) 


AST Increase 


1 (2.9%) 


0(0%) 


Potassium decrease 


1 (2.9%) 


0(0%) 



lination with Ribavirin 
ironic Hepatitis C 

t, D. Blanchett*. W. Lang', P. Langecker', J. McNally', B. Bacon" 



1 MedDRA 

1 Preferred Term 

L:ir 


Omega Interferon 
Alone 

(N =r 35) 

n(%) 


Omega Interferon 
Plus Ribavirin 
(N = 67) 

n(%) 


iiuiuc4ica-iiiu; unless 




Neutropenia 


^12(34:3%)^ * 


■ 29(43.3%) . -- '^ 


Asthenia 




£^;i9:(28.4%) • 


Pyrexia 


\ 8 (22.9%) • " 




Leukopenia 




^19(28^%)' 


Fatigue 




13(19.4%) 


Anemia 


,0(0.0%) 


14(20.9%) - . 


Headache 


2(5.7%) 


10(14.9%) 


Blood bilirubin increased 


i (2.9%) 


10(14.9%) 


Depression J q (0.0%) 


2(3.0%) 1 


it|ppiiog^gab Values 




Omega Interferon 
Alone 
(N = 35) 

n(%) 

A M !UWB .IUJ.I-J .. J..1II LL-I 


Omega interferon i 
Plus Ribavirin I 
(N = 67) 1 

n (%) 1 


ANC<500 x IO'yL 


• <-'/ ,0'.o6%)_:,.. ■ 


' ■■; f(l'.5%)~ 'V 
- 39(58.2%)^ \ r 


HGB < 12 g/dL 


9(25 7%) 1 


HGB < 10 g/dL 


1 (2.9%) 


♦ 5(7.5%). : .'. 


Platelets < 50,0007mm 3 


0(0.0%) 


0 (0.0%) 





• Omega interferon and ribavirin resulted in EVR and SVR rates similar to 
those reported with the combination of alpha interferon and ribavirin in 
interferon-naTve HCVgenotype-1 patients. 

• EVR and SVR rates achieved with omega interferon plus ribavirin were 
superior to those achieved with omega interferon alone. 

• Omega interferon given alone or in combination with ribavirin was well 
tolerated with few patients requiring dose reductions or treatment 
discontinuation. 

• n 5 Pg/d n?,n an a PP r °P riate starting dose to evaluate continuous delivery 
Omega OUROS therapy in combination with ribavirin in future studies. 
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Omega DUROS Phase 1b: Study Design 

Oose escalation in genotype-1 patients relapsing after prior Peg I FN + RBV 



Bruce Bicon, Slid Utrft University . / 
Hateile BzowaJ, CtBforrii Ptcffic MedicaJ Crater 
Ira Jacobscn, Weffl CormD KatDctl Coden 



' Randomization 



ID subjects 
Omega OUROS® 
25 ug/day + R8V 



Eric Lawiti, Alamo Medical Research - 
John McRirtehiscn, Oaks Onhenity Medical Center 
Fred Poortad, Cmters-Staai Medical Center 



3 week treatment 



! 24 wk follow-up 







